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(54) Method for preparing modified resins and their applications 

(57) There are herein disclosed a method for prepar- 
ing a modified resin which comprises thermal/reaction 
by the use of a norbornenyl group-containing compound 
typified by norbornenecarboguanamine or its derivative, 
a method for preparing an epoxy-modified resin which 
comprises the step of reacting the above-mentioned 
modified resin and an epoxide, a flame-retarding 
method, a thermal stabilization method, a compatibiliz- 
ing method and a surface modification method which 
comprise utilizing the modified resin, as well as a coating 
resin composition and an adhesive resin composition 
containing the modified resin. 

According to the preparation methods of the present 
invention, the deterioration of a material scarcely occurs, 
and a functional group which is excellent in flame retar- 
dancy, thermal stability, compatibility and the like can be 
introduced to the resins. By the utilization of these tech- 
niques, there can be obtained a f lame-retardant material 
having a good char formability, a thermally stable mate- 
rial whose molded articles can inhibit heat deterioration, 
a material excellent in miscibilrty between different kinds 
of resins, a surface-modified material which is excellent 
in adhesion and coating properties and the like. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention: 
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The present invention relates to the modification of resins such as usual resins rubbers wa^ *nH niie m 

herma stab.hty. compatibility, surface properties such as adhesive properties, ^prc^^^S^Z 
as electncal properties of the resins, and it also relates to the applications of the modified resins 



2. Description of the Related Art. 



In general, resins are excellent in electrical properties, mechanical properties and workability and so thPv h auo 
wde,y been used in many industrial fields as construction materials. e^ectLTmaterials vE?£ zlZle^e 
nals. f.ber matenals. equipment materials and utensil materials. auromonve mate- 

However, these resins are extremely easily flammable, and keeping step with their extensive use thev h au » 
become a predominant fire cause and a fuel source in the fire. Thus^e safety of th es.n ™ tn %£2£Z£l 
has been strongly demanded. In addition, these resins are accompanied by some d£E£ Fa «aS * 2 
formance of flame retardancy. heat resistance and the like is POoTmerrr*.^ 

easily deteriorate by heat, .ight and the .ike; and surface properties such as wettab i.rty aSS P^opertS c^«n« ' 
properties and dyeability are poor, so that the applications of these resins are noticeably' ifmiS ' ' ' 9 
Furthermore. w,th the diversification of the applications of the resins, very high performances and charartpricirc 
have been requ red. However, in order to develop novel kinds of resins and to solve tC^e^jSSnS^ 
this requ.rement. some technical and economical hurdles must be cleared It has now ^^7*^! ^ Y ° 

mate™* by »» modtatm of the .esins is the extremely iterant theme in the indulaTfl* 

^^^^^^ ^ - - - a " -ady^S 

me J n ,h?^ rmer T*J iS PraCtiCa,ly d,ffiCUlt ° r teChnicaMy vef y hard t0 crea «e the new kind of resip which can 
meet the above-mentioned requirements, and another economical problem is also present 

Or. the other hand, the latter method has conveniences that the resin is easily available and the characteristics 
to iT ? ? > 9raSPed ' thS modi,ication me,h <*. <«** comprises, for ex^^tSuSS 

As one of the known modification methods, there .s known a technique which comprises carrying out a modi- 
bond^ 2° I 0 " / "f 6 °' 3 r6aCtant h3Vin9 the ,UnCti0nal grou P' ,or "wplTtuch a f unZaTgroupIs 
^SStS^T POS,ti ° n haV K 9 3 8Pedfc S,rUC,UrC °' the r6Sin - 0r ,he ™m of the funS gZ s 
catlT« d^f ra r M reaS ° n !' <he accom P ,ishment <* «he sufficient modification is difficult, and the mSf * 

sssri use of such a 1M 9roup is ais ° hard ,n a — — — 

tonal group to modify the res,n. This modification method has advantages that the functional group such aTa 

the 9r ° UP WWCh C3n eaSi ' y be USed for the or the secondar ^Za Sion ol 

llm^ ^ be ' ntr0dUCed and 3 prepara,ion process is easy, but this method is 

SSTT? " 50,116 disadvanta 9 es F °' «™Pte- *» the employment of the peroxtfefs SqJSE dSm 

co.o i g SSuS cC;:^ 5 10 , n ?« eab,y ,hC m ° ,eaJ,ar W6 * ht °" he -sin anX big atSe 
mcSZln Chan9e ° f i 6reS,n: " 15 d ' ,, ' ail, to introduce 3 '"fle amount of the functional group, so that the 

^pT^Z^n^T^ therma ' f™* h6at feSiStanCe and ,he ,ike de,eriorate - ^ £ ft-icSonS 
o the uUEe^LaVS^ 3CC f 1 deCOmposition <* the and the polymerization and the like 

deterioraS tZZZ^"*"" * ^ ^ ^ produc * *> the ^ sical «- »• resin easily 

thp m^r,^ ,hi ! ^ lodi,ication me,hod ' if is v *y di«icult to introduce the functional group which is effective for 
the modification, performance impartment and the like, and thus a manner of adding'a nfodifier halgluch a 
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functional group can also be used. However, the employment of such a modifier inconveniently gives rise to the 
deterioration of the physical properties and characteristics of the resin. 

The above-mentioned known modification methods are still impractical, and they are noticeably limited for tech- 
nical and economical reasons. 

The present inventors have intensively investigated with the intention of overcoming the above-mentioned draw- 
backs of the modification methods for resins, and as a result, it has been found that by reacting a resin with a 
compound quite different from compounds used in the known methods in structure and characteristics under specific 
reaction conditions, the resin can be successfully modified. According to this modification method, even if a large 
amount of the functional group is introduced to the resin, the molecular weight, physical properties and quality of 
the modified resin scarcely deteriorate; the amount of the functional group to be introduced can be selected in a 
wide range, and so the modification and performance impartment can easily be controlled; the use of a peroxide is 
not required, and hence the conditions of a modification reaction are moderate, a process is easy to conduct, and 
side reactions can be inhibited to prevent the decomposition and thus the quality change of the resin; since the 
functional group having an excellent modification and performance impartment power can be introduced and bonded 
to the resin without adding and mixing the compound having such a functional group, the physical properties of the 
resin are not impaired; even for the resin not having a functional group such as a carboxylic acid group, an amino 
group or a double bond group, the modification and performance impartment can be accomplished by the introduc- 
tion of the functional group; the functional group which scarcely brings about the deterioration by heat or the like 
and which is capable of remarkably improving heat resistance can be introduced and bonded to the resin; and the 
functional group for improving properties such as flame retardancy, compatibility, surface properties such as wetta- 
bility, adhesive properties, coating properties and dyeability, electrical properties, moldability and the like can be 
introduced and bonded to the resin to accomplish the modification and performance impartment- in consequence, 
a method for preparing the modified resin having the above-mentioned features can be provided. 

In addition, it has also be found that when the modified resin obtained by the above-mentioned method is reacted 
with an epoxide under specific reaction conditions, an epoxy-modif ied resin can be obtained which is more excellent 
in surface properties such as wettability, coating properties, adhesive properties, dyeability and chemical resistance, 
electrical properties, moldability, compatibility and dispersibility with an other resin in addition to above-mentioned 
good features and which can be widely used for various modifications. In consequence, a method for preparing the 
epoxy-modif ied resin can be provided. On the basis of the findings of these preparation methods, the present inven- 
tion has now been attained. 

B. For the purpose of improving the flame retardancy of a resin, various methods have been suggested. For example, 
there have been suggested a method which comprises adding a flame-retardant to the resin, and a method which 
comprises using a flame retardancy-imparting material (inclusive of a halogen monomer) at the manufacture of the 
resin to incorporate the flame retardancy into the skeleton of the resin. 

Among these techniques, the former method which comprises adding the flame-retardant to the resin has usu- 
ally often been used, and examples of the known flame-retardant include halogen-containing compounds, phos- 
phorus-containing compounds, inorganic compounds, nitrogen-containing compounds and the like. 

When the halogen-containing compound is used as the known flame-retardant, the modified resin has some 
drawbacks. For example, heat resistance is usually poor; sublimation and bleeding tend to occur; an effect cannot 
be obtained in most cases, unless antimony trioxide is used together; and a large amount of an extremely toxic 
halogen-containing gas is generated in a fire. When the phosphorus -containing compound is used as the flame- 
retardant, the effect is insufficient if the compound is used singly, and the halogen -containing compound is often 
used together, so that the modified resins have the above-mentioned drawbacks. When the inorganic compound is 
used, the modified resin has some disadvantages. For example, an inorganic compound such as antimony trioxide 
is a rare substance of resources, and hence it is not easily available and there is also the problem of cost; in the 
case of aluminum hydroxide, the effect is weak and so it is necessary to add the same in large quantities; the specific 
gravity of the modified resin increases, the physical properties and moldability of the resin tend to deteriorate and 
the heat resistance of the resin deteriorates owing to contained water component. In addition, when the nitrogen- 
containing compound typified by triazine nucleus-containing compound is used, the modified resin has-the following 
disadvantages. For example, sublimation, bleeding and the like tend to occur at molding; the manufacturing of the 
raw material is difficult, and the material cost is high; the physical properties and characteristics of the resin are 
liablejo deteriorate owing to the added additive; the additive is lost with time, and the dispersability and miscibility 
of the additive also lowers, so that a flame-retardant effect noticeably decreases; and since a large amount of the 
additive is required to be added, the characteristics and physical properties of the resin are outstandingly impaired. 

As the latter method, there is known a technique in which a material containing bromine, phosphorus or the like 
is incorporated as the flame retardancy-imparting material into the resin at the time of manufacturing. In this case, 
the loss, insufficient dispersion and the like of an effective flame-retardant component can be prevented, so that the 
reduction of the effect can be minimized, with the result that the physical properties, characteristics and the like of 
the resin can be easily advantageously maintained. However, this method has some inconveniences. For example, 
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it is difficult to manufacture the flame retardancy-imparting material, a material cost is high; the acquisition of the 
flame retardancy-.mparting material suitable for the manufacture of the resin is noticeably limited and can technically 
scarcely "be obtained; .t is very difficult or quite impossible to introduce and bond the flame retardancy-imparting 
matenal to the res.n owing to the restriction on the manufacture of the resin, so that the desired resin can scarcely 
be provided; since the thermal stability of the flame retardancy-imparting material is poor, the thermal stability, heat 
resistance and the like of the obtained resin are poor; and a large amount of a toxic gas is generated in a fire. 

These known flame-retarding methods for the resins are still insufficient and impractical, and they are noticeably 
limited for technical and economical reasons. 

The present inventors have intensively investigated to overcome the above-mentioned drawbacks of the flame- 
retarding methods for resins, and as a result, it has been found that by using the modified resin or the epoxy-modif ied 
resin obtained by the above-mentioned method (A), the flame retardancy can be successfully imparted to the resin 
Accord.ng to this flame-retarding method of the resin, the modified resin is used in which a flame retarelancy-impart- 
mg component is introduced and bonded to the resin, and therefore the dispersion and miscibility of the component 
can be achieved without any failure, whereby the flame retardancy of the resin can be remarkably improved- subli- 
mation, bleeding and the like do not-appear in contrast to the method which comprises adding a flame-retardant 
such as melamme; the production of char is extremely good, so that the sagging or dripping of oil droplets or a melt 
can be sufficiently inhibited, a toxic gas is scarcely generated; the excellent characteristics and physical properties 
of the resin are not impaired; even to the resin to which the flame retardancy-imparting component is scarcely 
introduced and bonded in a manufacturing process, the functional group regarding the flame retardancy-imparting 
component can be easily introduced and bonded; such a functional group can be introduced after the manufacture 
of the resin, and so the resin can be easily manufactured at a low cost. In consequence, an excellent f lame-retardinq 
method of a resin can be provided. In addition, it has also been found that when the above-mentioned modified 
resims used together with phosphoruses, an isocyanuric acid, a cyanuric acid or an amino group-containing com- 
pound, the resin having the further improved flame retardancy can be successfully obtained. In consequence a 
more excellent flame-retarding method of a resin can be provided. On the basis of these findings, the present inven- 
tion has now been attained. ^ 



C Usually resms tend to become brittle, or are liable to bring about decomposition or coloring owing to the application 
of external energy such as heat or light, or owing to the presence of oxygen or a heavy metal. Thus, the long-term 
heat resistance and weathering resistance of the resins are poor, and stability at heating is bad. so that mokJability 
30 IS largely limited. Therefore, in order to improve moldability and workability, it is necessary to blend the-resin with 
another res.n. and this blending results in the deterioration of the characteristics and physical properties of the resin 
For this reason, the blending method is limited, though the resin has the excellent characteristics. Heretofore various 
techniques for improving the Wending method have been suggested, but they are still insufficient to overcome the 
above-mentioned faults. In an extreme case, even the excellent characteristics of the resin are lost and some of 
35 the suggested techniques cannot be utilized at all. 

As an example of conventional thermal stabilization methods, there has been suggested a thermal stabilization 
method of a resin composition which comprises adding, to the resin composition, a thermal stabilizer such as a 
benzoate an amine, an arylphosphondiamide. an organic phosphite, a hindered phenol, melamine benzoguan- 
amine. phthaloguanamine or spiroquanamine (e.g. Japanese Patent Publication No 47739/1 976) 
40 „ However - * e resins obtained by this thermal stabilization methods have the following drawbacks. That is to say, ^/ 

ultraviolet light resistance and weathering resistance are poor, and color change also noticeably occurs when mold- V 
mg is carried out at a high temperature, coloring, the color change and the like also noticeably occur- a thermal 
stabilization effect is still insufficient; the thermal stabilizer itself easily gives rise to thermal decomposition at the 
time of the working and the thermal stabilization effect is very low. and for the resin which will be subjected to the 
« high-temperature molding, any effect cannot be exerted; and the effect of the thermal stabilizer is very low owing to 
dispersion failures such as the loss and bleeding of the added and mixed thermal stabilizer with time, and in an 
extreme case, the effect is all lost. In consequence, this thermal stabilization method of the resin is still insufficient 
and impractical, and its utilization is noticeably limited for technical and economical reasons 

In view of the above-mentioned defects of the thermal stabilization method of the resins, the present inventors 
.o have intensively investigated. As a result, it has been found that by using the modified resin or the epoxy-modified 
resin obtained by bonding and introducing the specific functional group in accordance with the above-mentioned 

Pr T^ ?i m6th0d (A) " *" feSin ° an be successfu,lv ^mally stabilized. According to this thermal stabilization 
method of fie resin, ultraviolet light resistance, weathering resistance, thermal stabilization and heat resistance can 
be noticeably improved; since a thermal stabilization-imparting component is bonded and introduced to the resin 
he dispersion and miscibility of the component can be achieved without any failure, and so the effect of the stabi- 
hzation is very high; the deterioration of the resin can be inhibited even when the resin is used at a relatively high 
temperature for a long period of time, and the resin itself is difficult to decompose even at the high temperature, so 
that the long-term heat resistance is excellent; since the thermal stabilization-imparting component is scarcely lost 
so that the thermal stabilization effect scarcely deteriorates, and the handling properties, physical properties and 
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characteristics of the resin can be sufficiently maintained; the decomposition and deterioration of the resin by ions 
of a heavy metal such as copper can be remarkably inhibited; even when molding or working is carried out at a high 
temperature, the heat deterioration, coloring and color change of the resin can be inhibited; and temperature for 5% 
weight reduction of the resin at heating can be remarkably improved, so that the thermal stability and heat resistance 
of the resin can be sufficiently enhanced and the high-temperature molding or working is extremely easy, and for 
example, for polyphenyleneether resins and the like in which the high -temperature moldability or workability is notice- 
ably limited by a conventional technique, a moldability improver or the like is unnecessary, with the result that a new 
material having excellent physical properties and characteristics can be provided at a low cost. In consequence, an 
excellent thermal stabilization method of the resins can be provided. On the basis of the finding of this stabilization 
method of the resins, the present invention has now been attained. 

D. Usually, resins possess excellent characteristics and have been widely used in many industrial fields, but as resin 
modification techniques for improving various performances and imparting a new performance without impairing 
the characteristics of the resin, various polymer alloy formation methods have been suggested. 

Heretofore, as the polymer alloy formation method of a resin, there have been suggested a method which 
comprises modifying the resin itself to impart the performance to the resin, and a method which comprises adding 
a third component such as a compatibilizer to the resin. 

The former method is useful which permits the easy formation of the modified resin having not only excellent 
compatibility and solubility but also the uniform performance. However, this method has some drawbacks. For exam- 
ple, the modification reaction of the resin is difficult to carry out, and the characteristics of the modified resin tend 
to deteriorate because of the molecular weight reduction, coloring and color change of the resin at the modification. 
On the other hand, the latter method has the following disadvantages. That is to say, the heat resistance, weathering 
resistance, water resistance and characteristics of the obtained resin deteriorate owing to the presence of the con- 
tained third component; the manufacturing process of the compatibilizer is complex, and a manufacturing cost of 
the compatibilizer is high; it is difficult to obtain the resin having the uniform performance, because of the dispersion 
failure of the third component; and it is also difficult to obtain the resin having improved physical properties and 
characteristics. 

The present inventors have intensively investigated to overcome the above-mentioned defects of the compati- 
bilization method of a resin, and as a result, it has been found that by using the aforesaid modified resin or epoxy- 
modified resin obtained by the above-mentioned method (A), different kinds of resins can be successfully compat- 
ibilized. According to this compatibilization method of resins, the compatibilization between different kinds of resins 
and the solubility of the resins are excellent; the heat resistance, weathering resistance, water resistance, chemical 
resistance and the like of the obtained resin are also excellent, and the resin can easily be manufactured at a low 
cost. In consequence, an excellent compatibilization method of resins can be provided. On the basis of this knowl- 
edge, the present invention has now been attained. 

E. Usually, resins are excellent in characteristics such as electrical properties, mechanical properties and moldability. 
and so they have been widely used in many industrial fields, but with the diversification and enhancement of their 
applications, it has been strongly desired to improve the characteristics of resins by combination with a different 
kind of material. It has been an industrially important theme to improve surface properties such as the coating 
properties on the surface of the resin, the adhesive properties of the resin to another kind of material, wettability, 
dyeability, water/oil repellency and solvent resistance, and electrical properties such as chargeability and conduc- 
tivity, and it has been another theme to develop a coating resin composition and an adhesive resin composition 
useful for such materials. 

Heretofore, as methods for modifying the surface of the resin, there has been suggested a surface modification 
method utilizing an oxidizing agent and corona discharge, and another surface modification method which comprises 
adding an additive to the resin. In the former method, since a surface treatment is carried out after the molding or 
the like, a treatment procedure is noticeably troublesome; it is difficult to do the surface treatment on molded articles 
having various shapes; and a modification effect is not practically sufficient. In the latter method, since the additive 
is lost with time, the effect of the additive noticeably lowers in a short term; and the compatibility of the resin with 
the additive as well as the solubility of the additive in the resin is poor, so that the sufficient surface modification 
effect cannot be obtained. These surface modification methods of the resin are still practically insufficient, and the 
utilization of these methods is noticeably limited for technical and economical reasons. 

The present inventors have intensively investigated with the intention of overcoming the above-mentioned defects 
of the surface modification methods of a resin, and as a result, it has been found that by using the modified resin or the 
epoxy-modif ied resin obtained by the above-mentioned method (A), the surface of the resin can be successfully modified. 
According to this surface modification method of a resin, surface properties such as wettability, coating properties, adhe- 
sive properties, dyeability, water/oil repellency, and electrical properties such as chargeability and conductivity of the 
resin can be remarkably improved; since the resin itself can be modified, so that the modified resin is excellent in high- 
temperature stability and non- volatility, and the diminution of the effect due to the loss of a surface-modifying component 
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does not take place; the surface modification can be uniformly achieved on molded articles having various shapes; and 
there can be sufficiently modified a polyolefin resin such as a polypropylene resin and a polyolef in fiber in which surface 
properties such as adhesive properties, coating properties and dyeability are noticeably limited. In consequence, an 
excellent surface modification method of a resin can be provided. In addition, it has also been found that a coating resin 
composition and an adhesive resin composition can be provided which are extremely useful for resins and which com- 
prises the above-mentioned modified resin or epoxy-modif ied resin. On the basis of these findings, the present invention 
has now been attained. 
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OBJECT AND SUMMARY OF THE INVENTION 



According to the present invention, there can be provided: 



(a) A method for preparing a modified resin which comprises the step of reacting, in a temperature range of from 
200 to 450°C, a resin with at least one selected from the group consisting of compounds each having at least one 
norbornenyl group represented by the formula ( 1 ) 
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( 1 ) 
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wherein R 1( R 2 . R 3 , R 4 . R5. Re. R7. Rs and R 9 each is a hydrogen atom, an alkyl group having 1 to 4 carbon atoms 
or a phenyl group, and they may be the same or different; and Y is a group selected from the group consisting of a 
tnazinyl group which may have a substituent. an amido group, a carboxylate group, an oxazolinyl group.-an oxycar- 
bonyl group, an urethane group, a cyanuric acid ester group, an ether group, a carbamoyl group and a carbony! group, 
(b) The method for preparing a modified resin according to the above-mentioned paragraph (a) wherein the com- 
pound having the norbornenyl group of the formula (1) is a compound represented by the formula (2) 
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( 2 ) 
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wherein R 1( R 2 , R 3 , R4. R 5 , R 6( R 7 . R 8 and R 9 have the same meanings as defined in the formula (1); R 10 . Rn, R i2 
and R ! 3 each is a hydrogen atom or a group having one or more carbon atoms, and they may be the same or different. 

(c) The method for preparing a modified resin according to the above-mentioned paragraph (a) wherein the com- 
pound having the norbornenyl group of the formula (1) is a condensate having an average addition condensation 
degree more than 1 which is obtained by subjecting a compound represented by the formula (2) in which at least 
one of R 10 . R 1tl R 12 and R 13 is a hydrogen atom, a co-condensable compound as an optional reactant and an 
aldehyde to addition condensation reaction. 

(d) The method for preparing a modified resin according to the above-mentioned paragraph (a) wherein the com- 
pound having the norbornenyl group of the formula (1) is an etherified condensate having an average addition 
condensation degree more than 1 which is obtained by subjecting a compound represented by the formula (2) in 
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which at least one of R 10 , R n , R 12 and R 13 is a hydrogen atom, a co-condensable compound as an optional reactant 
and an aldehyde to addition reaction or addition condensation reaction, and then subejcting the reaction product 
and at least one alcohol selected from alcohols having 1 -20 carbon atoms to etherification and optionally to simul- 
taneous condensation. 

(e) The method for preparing a modified resin according to the above-mentioned paragraph (a) wherein the com- 
pound having the norbornenyl group of the formula (1) in which Y is an amido group is at least one selected from 
the group consisting of reaction products of amines having one or more carbon atoms and 5-norbornene-2-carbonyl 
halides. 

(f) The method for preparing a modified resin according to the above-mentioned paragraph (a) wherein the com- 
pound having the norbornenyl group of the formula (1) in which Y is a carboxylate group is at least one selected 
from the group consisting of reaction products of alcohols having four or more carbon atoms and 5-norbornene-2- 
carbonyl halides. 

(g) The method for preparing a modified resin according to the above-mentioned paragraph (a) wherein the com- 
pound having the norbornenyl group of the formula (1) in which Y is an oxazolinyl group is 2-{bicyclo[2.2.1]hept-5- 
en-2-yl)-2-oxazoline. 

(h) The method for preparing a modified resin according to the above-mentioned paragraph (a) wherein the com- 
pound having the norbornenyl group of the formula (1) in which Y is an amido group is at least one selected from 
the group consisting of reaction products of a carboxylic acid having one or more carbon atoms and 2-(bicy- 
clo[2.2.1]hept-5-en-2-yl)-2-oxazoline. 

(i) A method for preparing an epoxy-modif ied resin which comprises the step of reacting the modified resin described 
in any one of the above-mentioned paragraphs (b) to (d) with at least one selected from the group consisting of 
epoxides. 

G) A flame-retarding method of a resin which comprises the step of using at least one resin selected from the group 
consisting of the modified resins described in the above-mentioned paragraphs (b) to (d) and the epoxy-modified 
resin described in the above-mentioned paragraph (i). 

(k) A thermal stabilization method of a resin which comprises tne step of using at least one resin selected from the 
group consisting of the modified resins described in the above-mentioned paragraphs (b) to (d) and the epoxy- 
modified resin described in the above-mentioned paragraph (i). 

(I) A compatibilization method of resins which comprises the step of compatibilizing at least one resin selected from 
the group consisting of the modified resin described in the above-mentioned paragraph (a) and the epoxy-modified 
resin described in the above-mentioned paragraph (i) with one or more other resins. 

(m) A surface modification method of a resin which comprises the step of using at least one resin selected from the 
group consisting of the modified resins described in the above-mentioned paragraphs (b) to (d) and the epoxy- 
modified resin described in the above-mentioned paragraph (i). 

(n) A coating resin composition which comprises at least one resin selected from the group consisting of the modified 
resins described in the above-mentioned paragraphs (b) to (d) and the epoxy-modified resin described in the above- 
mentioned paragraph (i). 

(o) An adhesive resin composition which comprises at least one resin selected from the group consisting of the 
modified resins described in the above-mentioned paragraphs (b) to (d) and the epoxy-modified resin described in 
the above-mentioned paragraph (i). 

According to the preparation method of the present invention, a functional group which is excellent in flame retar- 
dancy, thermal stability, compatibility, surface modification properties and the like can be introduced and bonded to a 
resin without any deterioration of the resin. The utilization of this technique permits obtaining a flame-retardant material 
having a good char formability. a thermally stable material which can retard the heat deterioration of molded articles, a 
new material which is excellent in miscibility and compatibility with another resin, a material having a modified surface 
properties which is excellent in adhesive properties, coating properties, wettability and dyeability. a coating resin com- 
position and an adhesive resin composition. 

DETAILED DESCRIPTION OF THE INVENTION 

A. In a norbornenyl group-containing compound regarding the present invention, R 1( R 2 , R 3 , R 4 , R 5 . R 6 , R 7 , R 8 and 
R 9 each in a formula (1 ) is a hydrogen atom, an alkyl group having 1 to 4 carbon atoms or a phenyl group, and they 
may be the same or different. No particular restriction is put on the number, position and steric configuration of these 
groups. However, the norbornenyl group-containing compounds in which R 1( R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 and R 9 are 
each selected from the hydrogen atom, a methyl group and the phenyl group are preferable from the viewpoints of 
the availability easiness of raw materials and the easiness of preparation, purification and the like, and the nor- 
bornenyl group-containing compound in which they are the hydrogen atoms is more preferable. The norbornenyl 
group-containing compound has at least one group represented by the formula (1), and the number of this group 
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can be suitably selected ,n compliance with a use purpose, but it is usually in the range of from 1 to 10. preferably 
1 to 5. more preferably 1 or 2 in consideration of the availability easiness of the compound. When the two or more 
groups of the formula (1) are used, these groups may be the same or different, butthey are preferably the same in 
view of the availability easiness of the compound. 

Y in the formula (1) is a triazinyl group which may have a substituent. an amido group, a carboxylate group an 
oxazol.nyl group, an oxycarbonyl group, an urethane group, a cyanuric acid ester group, an ether group, a carbamoyl 

Z 1 9f ° UP - ^ ,l iS PreferaWy the tri32inyl 9roup which ™" •»» a substituent. the amido grou^The 

ca*oxy.ate group or the oxazoliny. group in view of the availability easiness of raw materials and the impartment 
of character.st.cs to an obta.ned modified resin. Particularly, the triazinyl group is preferable 
(A fiSLT^T'? 5 ° f "° rborne r n y | 9roup-containing compound regarding the present invention include 2- 
(4.6^am.no-1.3.5-tnaz.n-2-yl)-b.cyclo[2.2.1]hept-5-ene(norbornene<arb^^ 2-(4. 6< liamino-1 3 5-tri- 

az,n-2j.).7-methyl-bicyc.o[2.2.1]hept-5-ene. 2,methy..2-(4.6<Aamino-1.3.5-t^^ 
^arbamoyl-S-norbornene. N-ethy.-5-norbornene-2<arboxyamide. N-pheny.-5-r™rJle-2^ 
b,s(5-norb< ) m e ne.2-carboxyam,do)hexane. 4.4-bis(5-norbomene-2-can 3 oxyamido) dipheny. ether 1 4-bis(5-nor- 
r!7. ^Tr d0) " benZene ' b6nZOiC 3Cid 2 -(5-norbornene-2-carboxyamido)ethy, este, S^oZnene 2- 
carboxyl.c aad octyl ester. S-norbornene-2-carboxylic acid benzyl ester. 1.6-bis(5-norbornene-2^rboxyiradd» 
"^thylene^ 

ac.d butyl este, 2-(5-bicyc.ot2.2.,]he.pten-2.y.,-2-oxazo.in e . benzoic acid (SnorborL^ y.) 2KS£££2 
b 1S (5^ 0 rbornen^y.^ester. 5-norbornene-2-metrano.acry.ate. 5^bic y clo[2.2.1Jhepten-2 y acetateTbenlytoy 
5-norbornene. (5-norbornen-2-y.) phenyl Ketone. (5-norbornen-2-yl)methy. ketone S-^enJ^SoZ 

naminT *™™^™™*>W*™M * *" ^ (2) ' their N'^ubstituted norbornenSraiua- 
™ denvat,ves ' N.N<f,substituted norbornenecarboguanamine derivatives. N.^NMrisubSi 
norbornenecarboguanam.ne derivatives. N.N .N".N"-tetrasubstituted norborrienecarboguanamine Tr^abVeT 
der.vat,ves obtained by reacting 2-hydroxy-5-norbornene. 2-amino-5-norbornene and 

anates. carboxyl.c acds and chlorinated cyanuric acids, addition condensates of the norroornenecarb^naSs 
represented by the formula (2, and aldehydes, and etherified condensates obtained by e7er.fS 
densatesandalcohols. Preferable are the compounds represented by the formula (2). derivaJeX^ 
ng 5-norbornene-2-carbony. halides with amines and alcohols, derivatives obtained by rTXa 2- 
ZT^ **^'***"^ "* 3ddS «* as ^nocarboxylic acSs and tSZl 

SSteftT " addi,i ° n COndensates and a,cono,s amplified compounds are 

rneth^ "° rb0meny1 g;oup-containing compound regarding the present invention can be obtained by a known 
ZoToi Ho 4 LZn ■ t ^ WhiCh COmpriseS reacti "9 cydopentadienes which may have an 

2- me^cyc open tad.ene. 5-methy.cyc.open.adiene. methy.cyclo P entadienedimer.5- e thy.cyclopenLe^e7eS 

3- methylcyclopentad.ene. 3-.sopro P yl-l-methylcyclopentadiene. 5-isopropylcyclopentadiene 1 2 3 4-tetra^env - 
cyc.opentad.ene. 1 .2.4-tripheny.cyclcpentadiene or 1 ,4-diphenylcyc.opentadiene preferab. ^cyclopentS w.l 
an unsaturated compound, e.g.. (meth)acrylic acid, p-pheny.acry.ic acid, (meth)acrylic acd TsS v^ acete 

group-conta.n.ng compound to hydrogenation reaction, oxidation, reduction reaction, esterification reaction es"er 

exchange reaction, halogenation or urethane formation reaction. These methods are not restrictive 

nrn ^ ,he "orbornenyl group-containing compound in which Y in the above-mentioned formula (1) is the triazinvl 

SSSSTS ?ZVT Wuen V he compound represented by ,he for ™ ,a < 2 > is <»^y «£*S2SS 

pound can be obta.ned by, for example, a method which comprises a ring closing reaction of 2-cyano-5-norbomene 

estfand^ ^ °T* ^ "** 3 ^ **" reaction ° f a 5-norbornen e -2-carboSc ac « 

ester and a biguamde. These methods are very useful. ««y«i. <*.ia 

^T 6 '^ K the " 0rb0rnenyl 9roup-containing compound in which Y in the above-mentioned formula (1) is the 

rlrfZ 030 ? 6 bV ' eXamP ' e ' 3 me,h0d USiP9 3 *™ amidati0 " of an amine haSg one 

or more carbon atoms and a S-norbornene-2-carbonyl halide. and this method is particularly usefu. 

Such an amine ,s preferably a compound having an amino group or an imino group of one or more carbon 

such as mefcylamme. ethylamme. butylam.ne, octylamine. cyclohexylamine, aniline, hexamethylenediamine 1 4- 
d.am.nomethylcyclohexane. 2.5-diaminomethylnorbornane and 1.4<Kaminobenzene nexame,nylened,amine - 

can Ilsrb^Sri P " C ° ntain . in9 C0 T Und i0 WhiCh Y ^ the formula (1) is the amido group 

can also be obta.ned by. for example, a method utilizing a known ring opening reaction of a camoxylic acid havina 
one or more carbon atoms with 2-(bicyc.o[2.2.,]he P «-5-en-2-y.,-2-oxazoline. a'nd this meVod^2 useM. ' 
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Examples of the above-mentioned carboxylic acid include, but are not limited to, aliphatic, alicyclic and aromatic 
carboxylic acids having one or more carbon atoms such as propionic acid, cyciohexylcarboxylic acid, benzoic acid, 
adipic acid and ispphthalic acid. 

The norbornenyl group-containing compound in which Y in the above-mentioned formula (1) is the carboxylate 
group can be obtained by a known method, for example, a method which comprises the esterification reaction of 
an alcohol having four or more carbon atoms with a 5-norbornene-2-carbonyl halide, or a method which comprises 
the ester exchange reaction of the above-mentioned alcohol with 5-norbornene-2 -carboxylic acid methyl ester. 
These methods are very useful. 

Examples of this alcohol include, but are not limited to. aliphatic, alicyclic and aromatic alcohols having one or 
more hydroxy group carbon atoms such as butyl alcohol, hexyl alcohol, cyclohexanol. benzyl alcohol. 1 ,6-hexanediol 
and 1 ,4-cyclohexanediol. 

Furthermore, the norbornenyl group-containing compound which has the group represented by the above-men- 
tioned formula (1) can be obtained by a known method, for example, a method which comprises the reaction of 2* 
hyroxy-5-norbornene with a carboxylic acid or an isocyanate, a method which comprises the reaction of sodium 
alcoholate of 2-hyroxy-5-norbornene and a halogenated alkyl compound or a halogenated cyanuric acid which may 
have a substituent, or a method which comprises the reaction of a 5-norbornene-2-carbonyl halide and ammonia 
or an organic cadmium compound. According to these methods, there can be provided the norbornenyl group- 
containing compound in which Y is an oxycarbonyl group, an urethane group, a cyanuric acid ester group, an ether 
group, a carbamoyl group, a carbonyl group or the like. 

Particularly preferable examples of the norbornenyl group-containing compounds regarding the present inven- 
tion include compounds represented by the formula (2). addition condensates of these corrpounds and aldehydes, 
and the etherified condensates obtained by the etherification reaction of the addition condensate and alcohols. 
Modified resins obtained by the use of these compounds are excellent in flame retardancy, thermal stability, com- 
patibility, surface modification properties, coating properties, adhesive properties, miscibility with additives and the 
like, stickiness to a reinforcing material, dyeability and electrical properties; they scarcely bring about color change 
and quality change at the time of high-temperature working, are excellent in weathering resistance and heat resist- 
ance and the like, so that they can maintain a modification effect for a long period of time; and since they have an 
amino group which is excellent in reactivity, the desired denaturation or modification can be carried out by reaction 
with this amino group. 

In the norbornenyl group-containing compound [the formula (2)] regarding the present invention. R 10 , Rn. Ri 2 
and R13 are selected from the group consisting a hydrogen atom and groups having one or more carbon atoms, 
and Rio. Rn. R12 and R13 are the same or different. No particular restriction is put on the number, position and 
steric configuration of these groups, and useful examples of the groups include aliphatic, alicyclic. aromatic and 
heterocyclic groups which have one or more carbon atoms and which may have a functional group or a branched 
chain such as a hydroxyl group, an ester group, an ether group, a carboxylic acid group, a carbonyl group, an amido 
group, an imido group, a nitro group, a sulfonate group, a sulfonamido group, an amino group, an imino group or an 
unsaturated group. 

Typical examples of the groups represented by R 10 . Rn. R 12 and R 13 include, but are not limited to, a hydrogen 
atom, methyl, ethyl, isopropyl. n-butyl, 2-ethylhexyl, octadecyl, allyl, oleyl, 4-methylcyclohexyl, phenyl, o-tolyl. a- 
naphthyl, benzyl, p-phenetyl. o-methoxycarbonylphenyl, p-ethoxycarbonylphenyl, methoxymethyl, butoxymethyi, 
stearyloxymethyl, 4-methoxyphenyl, tetrahydrofurfuryl, 2-(1 -piperazinyl)ethyl, 2-(piperazino) ethyl. 2-(mor- 
pholino)ethyl, 2-(1-pyrrolidinyl)ethyl, 2-pyridinyl. methylol, 2-hydroxyethyl, 2-hydroxypropyl, 4-hydroxybutyl, 5- 
hydroxypentyl, 12-hydroxydodecyl, 1-(2-hydroxyethyl)-2-propenyl, 1-(t-hydroxypropyl)-3-pentenyl, 5-hydroxy-3- 
oxapentyl, 1 -(2-hydroxyethyl) -4 -oxahexyl, 4-hydroxycyclohexyl, 4-hydroxyphenyl, 4-hydroxynaphthyl, 4- 
(hydroxymethyl)phenyl. 2-(4-hydroxyphenyl) ethyl. 3-hydroxypyridin-2-yl and 8-hydroxyquinolin-4-yt. 

Typical examples of the norbornenyl group-containing compound [the formula (2)] regarding the present inven- 
tion include, but are not limited to, 2-(4,6-diamino-1 ,3,5-triazin-2-yl)-bicyclo[2.2.1]hept-5-ene, 2-(4,6<liamino-1,3,5- 
triazin-2-yl)-3-methyl-bicyclo[2.2.1]hept-5-ene, 2-(4,6-diamino-1 ,3.5-triazin- 2-yl)-7-methyl-bicyclo[2.2.1)hept-5- 
ene, 2-(4,6<jiamino-1.3 ( 5-triazin-2-yl)-3-phenyl-bicyclo[2.2.1]hept-5-ene. 2-(4,6<Jiamino-1.3,5-triazin-2-yl)-7-iso- 
propyl-bicycio[2.2.1]hept-5-ene, 2-(4 f 6-diamino-1.3,5-triazin-2-yl)-4-ethyl-6-methyl-bicyclo[2.2.1]hept-5-ene, 2- 
(4,6<Jiamino-t,3.5-triazin-2-yl)-1,4-diphenyl-bicyclo[2.2.1]hept-5-ene, their N-mono(di/tri/tetra)-substituted nor- 
bornenecarboguanamines such as N-hydroxymethyl-norbornenecarboguanamine. N-hydroxymethyl-3-methyl-nor- 
bornehecarboguanamine, N-(2-hydroxyethyl)-norbomenecarboguanamine. N-(5-hydroxy-3-oxapentyl)- 
norbornenecarboguanamine, N-methoxymethyl-norbornenecarboguanamine, N-butoxymethyl-norbornenecarbo- 
guanamine, N-stearyloxymethyl-norbornenecarboguanamine. N-ethyl-norbornenecarboguanamine, N-octyl-nor- 
bornenecarboguanamine, N-cyclohexyl-norbornenecarboguanamine, N -phenyl -norbornenecarboguanamine, N- 
(2-morpholinoethyl)-norbornenecarboguanamine, addition condensates of the compounds represented by the for- 
mula (2) and aldehydes, and etherified condensates obtained by the etherification reaction of the addition conden- 
sate and alcohols. 
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Examples of the aldehydes, which can be used tor the preparation of the N-substituted norbornenyl group- 
conta.n.ng compounds represented by the above-mentioned formula (2) and the.r condensates, include formalde- 
hydes such as formaldehyde, paraformaldehyde, hexamethylenetetramine. methylhemiformal. butylhemiformal and 
forrraldehyde-sodium bisulfate adduct. glyoxal. acetaldehyde. trimethylolacetaldehyde. acrolein, benzaldehyde fur- 
fural, phthalaldehyde and terephthalakiehyde. and above all. the formaldehydes and glyoxal are preferable and an 
a ?!r U M fo /™ ld< * yde so™™ and Paraformaldehyde are more preferable. They are not restrictive. The amount 
of the aldehyde to be used is usually in the range of from 0.5 to 20 mols. more preferably 0. 7 to 10 mols per mol of 
an am.no compound comprising the norbornenyl group-containing compound [the formula (2)1 and if necessary a 
co-condensable compound. ' 

As the above-mentioned alcohols which can be used for the etherification reaction in the preparation of these 
condensates, useful are saturated and unsaturated aliphatic alcohols having 1 to 20 carbon atoms, alicyclic alcohols 

™n ?jT n9 ^ T? f° UP a0d alCOh0 ' S havi " 9 an ar0matic grou P- Exam P ,es <* thes * alcohols include, but are 
no limited to. methyl alcohol, isopropyl alcohol, n-butyl alcohol, tert-butyl alcohol. 2-ethylhexyl alcohol, n-nonyl alco- 
hoi. n-octadecyl alcohol, n-eicocyl alcohol, cyclohexyl alcohol, cyclohexenyl alcohol. 4-methylhexyl alcohol ethylene 
glycd monomethyl ether, propylene glycol monoisopropyl ether, diethylene glycol monomethyl ether and benzyl 

nr J h f T° ° f ^ no ' t>ornen y , group-containing compound (the formula (2)J in the condensate regarding the 

TaZ^T 2h 6 ^ Se,6Cted ' n <* nsideration * » e Performance, but in order tolccompS 
a good solubHity and d.spersib,l.ty ,n the resin and in order to obtain the modified resin having excellent flame Tetar- 
dancy. thermal stability, compatibility, miscibility with additives, surface modification properties, coating properties 
adhesive propert.es. dyeability. electrical properties, moldability. solvent resistance, weathering resistance taS 
resistance, wear resistance and the like, the amount of the norbornenyl group-containing compounds to be used is 
thTncrt^rn W | % W P referabl V 60 or more based on the weight of an arrtno co^und comprSng 

the norbornenyl group-conta,n,ng compound [the formula (2)J and if necessary, the co-condensable compound 

In the preparation of the condensate, the co-condensable compound can be used on occasion as described 
above, and examples of the co-condensable compound include, but are not limited to. melamine. N-methylmelamin7 
benz 0 guanam,ne acetoguanamine. cyclohexanecarboguanamine. cyclohexenecarboguanamine. norbornanecar^ 
boguanarnme. CTU-guanamine. adipoguanamine. dicyandiamide. urea, alkylurea. thiourea, alkyfthiourea guani- 
ne urethane. phenol, p-methylphenol. nonytohenol. resol. aniline, tetramethylenediamine. furfural, furfuryl alcohol 
EfiZXZ ^ ,de H 0 - t0 ' uen h esu,fona ^e. benzenesulfonamide. tetralinsulfonamide. carboxylic add amide. H 
furyl amide and d.am,de phosphorus nitride low polymer. The amount of the co-condensable compound to be used 
should be such as not to .mpair the significance of the norbornenyl group-containing compound [the formula (2)1 
and it is preferably less than 60 wt% in the amino compound i « u muid wj. 

compound [ he formula (2)]. ,ts formation reaction promptly and smoothly proceeds under conditfons of P H of 8 0 
to 13.0. preferably 8.5 to 11.5 and a reaction temperature of 30»C or more, preferably 40 to 80°C in a solvent if 
l^' 1 " * e presence of a basic """Pound, to obtain the compound having at least one HOCH2 group When 
£S22? compound containing the methylo. group at a high content is intended, the reaction is carried out 

hZZ ? H 6 I f ^ 3,1 a,COh0 ' ,0 «** thS d8Sired COmpound in a hi 9 h «* a «* yield. 
However. ,f the amounts of water and the alcohol are excessively decreased, the deterioration of a stirring effect 

Z rt J. T V aCCOmpll f ,he feact,on - il is use,ul to suitably employ a method which comprises carrying out 
T^J* 3 T*" WhiCh iS substantiall >' ins °'"We in water and does not disturb the reaction. 
™th hydrocarbon ' an ali P hatic ny^ocarbon. a halogenated hydrocarbon or an aliphatic ether 

or another method wh.ch compnses adding 0.01 to 10 mol% of an auxiliary of an amine such as an alicyclic amine' 
an ahphatic amine, an aromatic amine or ammonia to an aldehyde. These methods are not restrictive 
ranhTl! ^ ">™PO"nd of the above-mentioned norbornenyl group-containing compound [the formula (2)1 
can be obtained by. for example, an etherification reaction of the above-mentioned N-methylol compound at a tern 

alcohol. In his case, rt .s particularly preferable that a water content in the reaction system is as low as possible 
and the molar ratio of the alcohol per mol of the N-methylol compound is 10 mols or more 

for exa°rS. r i ,C Tr^'^ * V"*™ * the ""*"■•»• ^ the present invention, but 

aWeSn onp ? T ? ° bta,ned by S,irrinQ 3nd mixi " 9 ,he ^-mentioned amino compound and 

aWehyde in one or more solvents of water, an alcohol, an aromatic compound and the like, and then reacting them 
at a temperature of 40 to 100'C under conditions of pH 8.0 or less or pH 1 3 0 or more 

The above-mentioned etherified condensate can be obtained by. for example, carrying out an etherification 

tTn^N aneOUS '^ ng M ** e,hertoti0n feaCti0n and 3 Nation rLioZZ^^. 

iTtf 1 ^ C0 T Und " ,he Pr6SenCe °' thS ^-entioned alcohol at a temperature of 

50 to 120»C under acidic conditions of pH 1 .0 to 5.0. This method is not restrictive. 
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Condensates, cured compounds and polymer fine particles having an increased condensation degree are also 
similarly useful, which can each be obtained by treating the above-mentioned norbornenyl group-containing com- 
pound [the formula (2)]. its condensate and the etherified condensate with a curing agent, for example, a mineral 
acid, a carboxylic acid, a sulfonic acid, its ammonium salt, or a compound capable of releasing or forming protons 
under conditions for the manufacture such as an aqueous metallic salt of a metal and an acid such as nitric acid, 
sulfonic acid or phosphoric acid. 

In the preparation method of the present invention, the amount of the above-mentioned norbornenyl group- 
containing compound to be used is usually in the range of from 0.01 to 60 wt%, preferably from 0.01 to 40 wt% 
based on the weight of the resin, depending upon an application purpose and the like. Even if the norbornenyl group- 
containing compound is used in large quantities, the modified resin scarcely gives rise to the deterioration and 
change of physical properties such as coloring and the noticeable decrease of molecular weight. Thus, the method 
for preparing modified resins can be considered to be extremely useful in many fields. 

The preparation method of the aforesaid modified resin regarding the present invention can be carried out by 
reacting a resin with the above-mentioned norbornenyl group-containing compound in a temperature range of from 
200 to 450°C, but this temperature range depends upon the kind of selected norbornenyl group-containing com- 
pound. When at least one of the norbornenyl group-containing compounds mentioned in the above-mentioned par- 
agraphs (b) to (h) is used, the reaction is done in a temperature range of from 230 to 450°C. preferably from 240 to 
400°C, more preferably from 250 to 400°C. If one of the norbornenyl group-containing compounds mentioned in the 
above-mentioned paragraphs (b) to (h) is used and the reaction temperature is less than 230°C. the reaction rate 
is noticeably low and yield is also noticeably low. The upper level of the reaction temperature is such as scarcely to 
bring about the deterioration and the like of the resin, and so the upper temperature is usually 45p°C, preferably 
400°C or less. Even if the reaction temperature is in excess of a use temperature range at the time of the kneading 
or molding of the material resin, the modified resin scarcely gives rise to quality change such as heat deterioration, 
coloring and the like by virtue of the extremely excellent thermal stability and heat resistance which the modified 
resin has. In consequence, the reaction can be advanced in the good yield, so that the modified resin having excellent 
characteristics and physical properties can be obtained. 

The above-mentioned reaction can be carried out in the presence or absence of a solvent, and therefore the 
solvent can be suitably selected and used in consideration of manufacturing conditions, raw materials and the like. 
Nevertheless, it is preferable that the reaction is done in the absence of the solvent. 

No particular restriction is put on the procedure of the reaction, and either of a batch reaction system and a 
continuous reaction system is acceptable. A known solution method, molting method, reactive processing method 
in which the reaction is done in the working step of the resin, and the like are applicable, and from trjese methods, 
suitable one can be selected. Nevertheless, a certain method is preferable which comprises kneading the resin and 
the norbornenyl group-containing compound in the absence of a solvent in a nitrogen atmosphere by a machine for 
kneading such as a kneader. a single screw extruder, a twin-screw extruder, heating rolls or a Bumbur/s mixer, and 
then extruding the mixture after the reaction has finished or while the reaction is proceeding. According to this 
preferable method, the reaction can be accomplished in an extremely short time without requiring any complex step, 
and the extrusion can also be done by one step to obtain the continuously and uniformly modified resin. 

The above-mentioned reaction can be suitably accomplished under atmospheric pressure, under spontaneously 
generated pressure in a sealed container, under applied pressure or under reduced pressure, but it is preferable 
that for the removal of a gas such as cyclopentadienes generated during the reaction, a vent or the like is disposed 
and the reaction is done under the atmospheric pressure or reduced pressure. 

In the preparation method of the present invention, the addition of a reaction catalyst, an initiator or the like is 
not required, but an organic peroxide such as benzoyl peroxide, lauroyl peroxide or dicumyi peroxide can be suitably 
selected and added as the initiator, if necessary, so far as the significance of the present invention is not impaired. 
However, the employment of the initiator tends to bring about the deterioration of electrical properties and mechanical 
properties due to the decrease of the molecular weight of the resin, and the decline of heat deterioration, color 
change, quality change, heat resistance and thermal stability, and for this reason, the use of the initiator is noticeably 
limited and so no initiator is preferable. The preparation method of the present invention permits the modification of 
the resin without requiring the addition of the initiator, so that this method is not accompanied with the above-men- 
tioned defects attributable to the use of the initiator. Hence, the preparation method of the present invention can be 
considered to be very excellent. 

As the resin regarding the present invention, any resin is usable, so far as it has a hydrocarbon group. In view 
of molecular weight, the resins range from high-molecular weight materials such as usual resins and rubbers to low- 
molecular weight materials such as waxes and oils, and in view of melting viscosity and Mooney viscosity, the resins 
range from high-viscosity materials to low-viscosity materials. Thus, the resin can be suitably selected in compliance 
with an application purpose in consideration of these characteristics. According to the preparation method of the 
modified resin of the present invention, the modification can be achieved by introducing and bonding the necessary 
amount of a functional group which can scarcely be introduced and bonded at the time of the manufacture of the 
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resin, and therefore this preparation method is particularly useful for high-molecular weight materials such as usual 
resins and rubbers as well as reans having no functional group, for example, polyolefin resin, olefin thermoplastic 
elastomers such as EP rubber. EPDM and EOR. hydrocarbon-containing synthetic waxes, and hydrocarbon oils. 

Examples of the useful resins regarding the present invention include thermoplastic resins, thermosetting resins 
rubbers, blends thereof, block copolymers, graft copolymers, modified resins such as rubber-modified polymers' 
natural resins, waxes, oils and the like. 

Typical examples of these resins include, but are not limited to. usual resins, for example, thermoplastic resins 
such as polystyrene resins such as polystyrene, copolymers and terpolymers of styrene and other monomers to q 
male.c anhydride, a-methylstyrene. butadiene, acrylonitrile and {meth)acrylic esters, rubber-modified polystyrenes* 
rubber-modified styrene-acrylonitrile copolymers and rubber-modified styrene-maleic anhydride copolymers poly- 
olefin resins such as polyethylene, polypropylene, polybutylene. poly-3-methylbutene. ethylene-vinyl acetate copol- 
ymers ethylene-propylene copolymers and EPDMs; (meth)acrylic resins such as polymethyl acrylate Tnd 
polymethyl methacrylate; polyamide resins such as nylon 4. nylon 6. nylon 12. nylon 66, nylon 612 and copolymer- 
.zed nylons; saturated polyester resins such as polyethylene terephthalate and polybutylene terephthalate- polyphe- 
nyleneether resins such as poly(2.6-dimethyl-1.4-phenylene) ether. poly(2-methyl-6-ethyl-l 4-phenylene) ether 
poly(2-methyl-€- C hloro-l.4-phenylene) ether, poly(2-methyl-6-hydroxyethyl-l.4 1J hen y lene) ether, copolymers of 
2.6-djmethylphenol and 2.3.6-trimethylphenol, end-capped polyphenylene ether resins thereof and resins obtained 
by modrfymg them with the styrene resins and the polyamide resins; polyacetal resins, polyvinyl chloride polyvinyli- 
dene chloride, chlorinated polyethylene, chlorinated polypropylene/chlorinated rubber, copolymers and terpolymers 
of v.nyl chloride and other monomers [e.g.. vinyl acetate, ethylene, propylene, styrene. isobutylene, vinylidene cWo- 
nde. maleic anhydride, acrylonitrile, butadiene, isoprene, chlorinated propylene and (meth)acrvlic esters], polyvinyl 
brom.de. brom.nated polyethylene, polyvinyl fluoride, polyvinylidene fluoride, tetrafluoroethylene-propylene resins 
fluonnated reans. vinyl acetate resin, polyamideimides. polyimide resins, polyetherimides. polyphenylene sulfide 
resins, polyethersulfones. polysulfone resins, polyamine-sulfones. polycarbonates, liquid crystal (polyester) poly- 
mers, cyclic polyolefins, polyether ether ketone, polyarylates. phenoxy resins, silicone resins and blends of these 
resins b ock copolymers, graft copolymers and rubber-modified polymers of these resins; thermosetting resins such 
as diallyl phthalate resins such as diallyl phthalate and diallyl-2.6-naphthalene dicarboxylate; unsaturated polyester 
resins such as maleic acid (fumaric acid) -containing polyester-styrene resins; urethane resins, epoxy resins silicone 
resins, phenol resins, furan resins, amino resins, blends of these resins and resins obtained by modifying these 
reins with rubber or the like; petroleum resins. DCPP resins, natural resins such as cellulose powdeicellulose 
^SES hydroxyethyl cellulose, methyl cellulose, polygamic acid and polyterpene; and 

In action, typical examples of the resins include, but are not limited to. rubbers, for example, synthetic rubbers 

rSS . * ?' "I EP ZT*' EPDM rUbberS ' NBRS ' E0RS ' IIRs. urethane rubbers, silicone 

rubbers. polysulf,de rubbers, hvdrogenated nitrile rubbers, polyether rubbers, fluorinated rubbers, telrafluoroethvl- 
ene-propylene rubbers, acrylic rubbers, chlorosulfonated polyethylene rubbers, epichlorohydrin rubbers propylene 
ox.de rubbers, ethylene-acrylic rubbers, liquid rubbers, norbornene rubbers, thermoplastic elastomers such as sty- 
rene-contaimng thermoplastic elastomers. olefin<ontaining thermoplastic elastomers, urethane-containing thermo- 
plast.c elastomers, polyester-containing thermoplastic elastomers, polyamide-containing thermoplastic elastomers 
1 ,2-polybutad.ene-containing thermoplastic elastomers, vinyl chloride-containing thermoplastic elastomers and flu- 
onne-conta.n,ng thermoplastic elastomers, natural rubbers; waxes, for example, paraffin waxes, microcrystalline 

M^' f » y ^ 6ne W3XeS *"* 38 MitSui Hi9h Waxes 800P - 400P - 1 00 p . 410P. 220P; 1 10P. NL800 NL500 and 
^P* 0 **"* 5 * 1 industries. Ltd.], polypropylene waxes such as Mitsui High Waxes NP055 NP105 and 
NP805 [M.tsu. Petrochemical Co.. Ltd.]. synthetic waxes such as Fischer-Tropsch waxes, natural waxes such as 
camauba wax sugarcane wax. palm wax. Japan wax. bees wax. spermaceti and montan wax; oils such as hydro- 
carbon oils, silicone oils, lubricating oils, natural oils and fats, blends thereof, and modified substances thereof 

Accord.ng to the preparation method of the present invention, a various functional group can be introduced into 
the resin, and therefore the resin which has been modified by the above-mentioned method can be further subjected 
to a modrf.cat.on reaction to further advance the modification. The modified resin obtained by the use of the nor- 
nSTr^rr 1 ',' 1 ! presented by [the formula (2)] has an active amino group which is excellent 
-n react.v.ty. and the mod.fKat.on of the resin can further be advanced by a modification reaction with an aldehyde 

fn" 6 fl X £ a ^ u yNC 3Cid (anhydride) - an innate, an oxazoline. a silaneor a silane coupling agent, preferably 
the epoxide, whereby various kinds of excellent materials can be suitably provided « « h r 

nhJ!^* l ° 3 to L PrepariP9 a " e P° x y- modi,ied ^n regarding the present invention, the modified resin 

obtained by the use of the above-mentioned norbornenyl group-containing compound [the formula (2)] is reacted 
with an epoxide under specific reaction conditions to obtain the epoxy-modified resin, which can be easily manu- 
factured and in wh.ch surface properties such as coating properties, adhesive properties, wettability, dyeability. 
water/oil repeHency. solvent resistance and stickiness to a reinforced material are noticeably improved; compatibility 
w.thandd.spers.b.l.ty.nanotherresinarefurtherirrproved;high-teriperaturest^ 
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and so the generation of sublimation and breeding is inhibited; and a new material having improved physical prop- 
erties can be provided as a compatibilizer for different resins. In consequenc. the excellent modification mdethod 
of a resin can be provided. 

No particular restriction is put on the kind of epoxide regarding the present invention, and compounds having 
an aliphatic group, an alicyclic group and a heterocyclic group can widely be used, so far as each of these compounds 
has one or more epoxy groups. 

Typical examples of the epoxide include, but are not limited to. bisphenol type epoxy resins such as bisphenol 
A. bisphenol F , halogenated bisphenol A s. cresolnovolak type epoxy resins, phenolnovolak type epoxy resins, phe- 
nolnovolak type halogenated epoxy resins and naphthalene type epoxy resins, a-olefin epoxides having 1 to 40 
carbon atoms, cyclohexene oxide, cyclopentadiene monoxide, butadiene dioxide, epoxidized linseed oil. styrene 
epoxide, methyl glycidyl ether, butyl glycidyl ether, allyl glycidyl ethers, phenyl glycidyl ethers, alkylphenyl glycidyl 
ethers. 4.4-di(l ,2-epoxyethyl) diphenyl ether, diglycidyl ether of resorcin, diglycidyl ether of phloroglucinol. triglycidyl 
ether of p-aminophenol, tetraglycidyl-bis-(aminophenyl)methane. terephthalic acid diglycidyl ether. 1,3,5-tri(1.2- 
epoxyethyl)benzene. 2.2.4,4-tetraglycidoxy benzophenone. hexanediol diglycidyl ether. 2-ethylhexyl glycidyl ether, 
neopentyl glycol diglycidyl ether, polyethylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, polygly- 
cidyl ether of pentaerythritol. vinylcyclohexene dioxide. 3.4-epoxycyclohexylmethyl-3.4*epoxycyclohexane carbox- 
ylate. alicyclic epoxy resins such as trade names "Seroxide #2000". "Seroxide #2021". "Seroxide #3000", "Seroxide 
#4000" made by Daisel Ltd.. trade names '"Epicoat #1 100L" made by Yuka Shell Epoxy Co., Ltd,, aromatic amine- 
containing digycidyl ethers, hydantoin epoxy resin, hetrocyclic epoxy resins such as triglycidyl isocyanurate. poly- 
mers of epoxy group-containing vinyl monomers such as gycidyl(meth)actylate and copolymerizable compounds, 
and epoxy group-containing resins obtained by modifying polyphenyleneether resins, polyamide resins, polypropyl- 
ene resins and saturated polyester resins with epichlorohydrin or glycidol. 

The amount of the epoxide regarding the present invention can be suitably selected, but it is such that the epoxy 
group in the epoxide is usually in the range of from 0. 1 to 5.0 equivalents, preferably from 0.2 to 3.0 equivalents per 
equivalent of an amino group which bonds to triazine ring in the above-mentioned modified resin. 

The preparation method of the epoxy-modif ied resin regarding the present invention is carried out by thermally 
reacting the modified resin obtained by the above-mentioned method with the epoxide, but the temperature of the 
thermal reaction is 1 50°C or more, preferably in the range of from 1 50 to 400°C, more preferably from 1 50 to 350°C. 
If the reaction temperature is less than 150°C, the reaction is noticeably slow and yield is unpreferaWy low. Therefore, 
the reaction temperature should be 150°C or more. Moreover, the reaction temperature should be within the range 
in which the resin scarcely deteriorates, and the reaction is usually done at a temperature of 350°C or less. 

The above-mentioned reaction can be suitably carried out by a solution method, a latex method, a melting 
method, a reactive processing or the like, as in the preparation method of the modified resin. Nevertheless, a certain 
method is preferable which comprises kneading the modified resin and the epoxide continuously in the same system 
as in the preparation of the modified resin after the preparation of the modified resin in the absence of a solvent by 
a single screw extruder, a twin-screw extruder, heating rolls, a Bumbury's mixer or a kneader. and then extruding 
the mixture after the reaction has finished or while the reaction is proceeding. This preferable method has the same 
excellent points as described above. 

In the preparation method of the epoxy-modif ied resin, a reaction accelerator can be suitably selected and used, 
and examples of the reaction accelerator include a metallic salt of an organic acid such as tin octylate. imidazoles 
and novolak type phenol resins. 

The modified resins and the epoxy-modified resins regarding the present invention are excellent modification 
and improvement in physical properties such as flame retardancy. thermal stability, heat resistance, impact resist- 
ance, high strength and high elasticity, resin compatibility, flexing resistance and fatigue resistance, wear resistance, 
tear resistance, dimensional stability, stress relaxation, vibration-damping properties, heat resistance and cold 
resistance, solvent resistance (oil and water), weathering resistance, gloss, refractive index change, self-lubrication, 
plasticity and gas barrier properties as well as adhesive properties, stickiness to a reinforcing material such as a 
glass fiber, sliding properties, plating properties, coating properties with a paint or the like, dyeability of a resin or 
its fiber, blocking resistance, electrical properties such as electrical inhibition properties, conductivity, static proper- 
ties and tracking resistance, fluidity; retraction, heat fusion strength, flow moldability. crystallinity, orientation, oper- 
ating characteristics such as moldability or workability, and economical properties such as saving of resources and 
substitution for resources. Therefore, the modified resins and the epoxy-modified resins of the present invention are 
industrially very useful in a wide range as construction materials, interior decorations, housewares such as bathtubs 
and toilets, interior decorations and exterior decorations for vehicles, e.g., cars such as instrument panels, pillars, 
meter clusters, door trims, armrests, defroster garnishes, console boxes, pocket decks, bumpers, side sill garnishes, 
cowl top garnishes, wheel covers, spoilers and head lamp inner panels, reinforcing and molding materials such as 
long and short glass fibers, electrical materials such as resist materials and electrically insulating materials, elec- 
trophotographic materials such as toners, fibrous materials, fiber and paper making materials, paints for cars and 
appliances, antifouling and anticorrosive paints, powdered paints, traffic paints, adhesives such as hot-melt adhe- 
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sives. tackifying resin and adhesives for structures such as industrial articles. IC sealing compounds, rubber mod- 
ifiers, optical materials, leather treating solutions, agricultural materials, medical instruments, packing materials, 
equipments for foods such as containers, fibers such as tents, cloths and wear, mechanical equipments such as 
gears and packings, antrfouling and anticorrosive equipments such as pipes and tanks, heat-resistant equipments, 
warmth keeping materials and cold keeping materials, oil modifiers, flame- retardants, surface active agents, rust 
preventives, antioxidants and the like. 

B. In the flame-retarding method of a resin regarding the present invention, at least one of the modified resins 
described in the above-mentioned paragraphs (b) to (d) and the epoxy-modrfied resin described in the above-men- 
tioned paragraph (i) can be used in a suitable amount, and the modified resin may occupy a total portion or a partial 
portion of the resin. Practically, the modified resin is used in such an amount that the content of a triazine nucleus 
in the resin is in the range of from 2 to 40 wt%, preferably from 4 to 30 wt%. If the content of the triazine nucleus is 
less than 2 wt%. a sufficient flame retardancy effect can scarcely be obtained, and if it is more than 40 wt%, the 
moldability of this resin is poor, and the deterioration of the resin occurs inconveniently to lower physical properties. 

In the flame-retarding method of a resin, it is particularly preferable to additionally use at least one component 
selected from phosphoruses consisting of simple substances of phosphorus and phosphorus-containing com- 
pounds together with the modified resin regarding the present invention in the resin. This reason is that the phos- 
phoruses can exert a synergistic effect that a flame-retarding effect can be further improved. This excellent 
synergistic effect is believed to be not only due to the easy formation of a flame retardant film having a relatively 
low volatility on a burning resin surface but also due to the acceleration of char formation to increase a char layer 
so that oxygen can be prevented from spreading to the burning surface, the release of a flammable gas from the 
resin portion can be inhibited, and the conduction of heat to the resin portion can be reduced. 

Useful examples of such phosphoruses include, but are not limited to. simple substances of phosphorus such 
as red phosphorus; phosphorus-containing acids such as phosphoric acid, polyphosphoric acids, phosphorous acid 
phosphonic acid, phosphate salts, polyphosphate salts, phosphite salts and phosphonate salts; phosphate esters 
such as phosphoric triesters. polyphosphate esters, acidic phosphate esters and salts thereof; phosphite esters 
such as phosphorous triesters and acidic phosphorous diesters; phosphonate esters such as phosphonate esters 
acidic phosphonate esters and salts thereof; phosphines such as phosphine. phosphine oxide and phosphonium 
salts; and sulfur-containing phosphorus compounds such as dialkyl thiophosphates and salts thereof. 

Examples of the above-mentioned phosphorus-containing acids include acids such as phosphoric acid, pyro- 
phosphoric acid, tripolyphosphoric acid, polyphosphoric acid, phosphorous acid and phosphonic acid^nd salts 
obtained by either partially or fully neutralizing these acids with bases such as ammonia, amines. alkalKmetals or 
alkaline earth metals, namely, ammonium phosphate, ethylenediamine phosphate, sodium phosphate; calcium 
phosphate, melamine pyrophosphate, sodium pyrophosphate, ammonium tripolyphosphate. sodium ^polyphos- 
phate, ammonium polyphosphates, sodium polyphosphates, ammonium phosphite, calcium phosphite and ammo- 
nium phosphonate. Above all, ammonium polyphosphates represented by the formula (NH 4 ) m + 2 P rn 0 3m+1 (wherein 
m is an integer more than 5) are preferred. It is however to be noted that the above-mentioned phosphorus-containing 
acids are not limited to these examples. 

In the above-described ammonium polyphosphates represented by the formula (NH 4 ) m+2 P m 0 3m+1 (wherein m 
is an integer more than 5), it is preferred to set m at a substantially large value so as to make water solubility smaller 
m v.ew of the flame retarding effect and the physical properties of the resulting resin. A salt in which m is an integer 
more than 50 is particularly preferred. This salt practically corresponds to a metaphosphate (NH 4 P0 3 ) m . 

Examples of the ammonium polyphosphates include "Exolit 263" (trade name; made by Hoechst AG), "Exolit 
422" (trade name; made by Hoechst AG) and "Phoscheck P/30" (trade name; made by Monsanto Chemical Com- 
pany). 

Examples of the above-mentioned phosphate esters include, but are not limited to. phosphoric triesters such 
as tnmethyl phosphate, tri-n-butyl phosphate, trilauryl phosphate, tristearyl phosphate, trioleyl phosphate. tris(butox- 
yethyl) phosphate, tr.phenyl phosphate, tricresyl phosphate, trixylenyl phosphate, cresyl diphenyl phosphate xylene 
diphenyl phosphate, tris(isopropylphenyl) phosphate, isopropyl diphenyl phosphate. 2-ethylhexyl diphenyl phos- 
phate, stearyl diphenyl phosphate, oleyl diphenyl phosphate, butyl dicresyl phosphate, lauryl dicresyl phosphate 
diphenyl-2-metacroyloxy ethyl phosphate. tris(2-chloroethyl) phosphate. tris(2-chloropropyl) phosphate tris(2 3- 
dichloropropyl) phosphate. tris(2.3-dibromopropyl) phosphate, tris(bromochloropropyl) phosphate and trispri- 
bromopheny!) phosphate; acidic phosphate esters such as mono/dimethyl acid phosphate, mono/diethyl acid phos- 
phate, monobutyl acid phosphate, di-2-ethylhexyl phosphate, mono/dilauryl acid phosphate, mono/distearyl acid 
phosphate, mono/dioleyl acid phosphate, mono/di-2-chloroethyl acid phosphate, mono/dibutoxyethyl acid phos- 
phate, ethylene glycol acid phosphate, dibutyl pyrophosphate, mono/diphenyl add phosphate, mono/dicresyl acid 
phosphate, mono/dixylenyl acid phosphate; ammonia, amine, melamine. alkali metal and alkaline earth metal salts 
of acidic phosphate esters such as ammonium dimethyl phosphate, ammonium ethyl phoshate. ammonium di-n- 
butyl phosphate, triethanolamine dibutoxyethyl phosphate, morpholine dioctyl phosphate, sodium mono-n-butyl 
phosphate, ammonium diphenyl phosphate, melamine diphenyl phosphate, piperazine diphenyl phosphate, ammo- 
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nium phenyl phosphate, ethylenediamine dicresyi phosphate, sodium cresyf phosphate and melamine dixylenyl 
phosphate. 

Examples of the above-mentioned phosphite esters include, but are not limited to, phosphite triesters such as 
trimethyl phosphite, triethyl phosphite, tributyl phosphite, tris(2-ethylhexyl) phosphite, trialuryl phosphite, trioleyl 
phosphite, tristearyl phosphite, triphenyl phosphite, tris(nonylphenyl) phosphite. tris(2.4<li-t-butylphenyl) phosphite, 
tris(dinonylphenyl) phosphite, bis(nonylphenyl) dinonylphenyl phosphite, diphenyl mono(2-ethylhexyl) phosphite, 
diphenyl monodecyl phosphite, diphenyl mono(tridecyl) phosphite, phenyl diisooctyl phosphite, tetraphenyl dipro- 
pylene glycol diphosphite. poly(dipropylene glycol) phenyl phosphite, diisodecyl pentaerythritol diphosphite. bis(tri- 
decyl) pentaerythritol diphosphite. distearyl pentaerythritol diphosphite. bis(nonylphenyl) pentaerythritol 
diphosphite. bis(2,4<ii-t-butylphenyl) pentaerythritol diphosphite. phenyl 4,4'-isopropylidenediphenyl pentaerythritol 
diphosphite. tetraphenyl tetra(tridecyl) pentaerythritol tetraphosphite, tetra(tridecyl)-4,4'-isopropylidenediphenyl 
phosphite, hydrogenated bisphenol A phosphite polymer, pentaerythritol hydrogenated bisphenol A triphenyl phos- 
phite poiycondensate. tetraftridecylM^'-n-butylidene bis(2-t-butyl-5-methylpheno1) diphosphite. bis(neopentyl gly- 
col) 1,4-cyclohexane dimethylene phosphite, bis(octylphenyl) bis[4,4'-n-butylidene bis(2-t-butyl-5-methyfpnenol)] 
1.6-hexanediol phosphite and tetra(tridecyl)-1.1.3-tris(2 , -methyl-5 , -t-butyl-4 , -oxyphenyl)butane diphosphite; and 
phosphite diesters such as dimethyl hydrogenphosphite. dibutyl hydrogenphosphite, di(2-ethylhexyl) hydrogenphos- 
phite, dilauryl hydrogenphosphite. dioleyl hydrogenphosphite and diphenyl hydrogenphosphite. 

Examples of the above-mentioned phosphonic acids include, but are not limited to. phosphonate diesters such 
as dimethyl methylphosphonate. ethyl diethylphosphonoacetate, bis(2-chloroethyl) vinylphosphonate. diethyl N.N- 
bis(2-hydroxyethyl)aminomethylphosphonate. dibutyl butylphosphonate. di-2-ethylhexyl hydroxymethylphospho- 
nate. di-2-ethylhexyl 2-ethylhexylphosphonate. dimethyl pheny (phosphonate. diallyl phenylphosphonate. dioc- 
tyl.phenylphosphonate and dinaphthyl phenylphosphonate; acidic phosphonate esters such as mono-2-ethylhexyl 
2-ethylhexylphosphonate and monooctyl phenylphosphonate; and phosphonate ester salts such as ammonium 
mono-2-ethylhexyl 2-ethylhexylphosphonate, triethanolamine monooctyl phenylphosphonate, melamine mono-2- 
ethylhexyl 2-ethylhexylphosphonate and sodium monooctyl phenylphosphonate. 

Examples of the above-mentioned phosphines include, but are not limited to. phosphines such as triethylphos- 
phine, tri-n-octylphosphine. tris(2-cyanoethyl)phosphine, tris(3-hydroxypropyl)phosphine, tricyclohexylphosphine. 
triphenylphosphine, tri-p-tolylphosphine, tri(2,6-dimethoxyphenyl)phosphine, 9-phosphabi-cyclo[3.3.1], [4.2.1]non- 
ane (mixture). bis(1,2-diphenylphosphino)ethane, bis(1,4-diphenylphosphino)butane. diphenyl-p-styrylphosphine. 
diphenylphosphinous chloride and bis(diphenylphosphino)ferrocene; phosphine oxides such as triethylphosphine 
oxide, tri-n-octylphosphine oxide. tris(2-cyanoethyl)phosphine oxide. tris(3-carboxyethyl)phosphine oxide. tris(3- 
hydroxypropyl)phosphine oxide and triphenylphosphine oxide; and phosphonium salts such as tetra-n-butylphos- 
phonium bromide, tri-n-butylallylphosphonium bromide, ethyl enebistris(2-cyanoethyl)phosphonium bromide, ethyl- 
triphenylphosphonium bromide, tetraphenylphosphonium bromide, tri-n-octyfethylphosphonium bromide, tetra-n- 
butylphosphonium O.O-diethy (phosphorodithioate, tetrakis(hydroxymethyl)phosphonium sulfate, tetra-n-butylphos- 
phonium iodide, ethyltriphenylphosphonium iodide, triethylbenzylphosphonium chloride, tetra-n-butylphosphonium 
chloride, tri-n-butyltetradecylphosphonium chloride. tris(2-cyanoethyl)allylphosphonium chloride, benzyltriphenyl- 
phosphonium chloride and bis(triphenylphosphin)iminium chloride. 

Examples of the above-mentioned sulfur-containing phosphorus compounds include, but are not limited to. 
dimethyl phosphorodithioate, di-n-propyl phosphorodithioate, ammonium diethyl phosphorodithioate, melamine di- 
n-propyl phosphorodithioate, sodium dimethyl phosphorodithioate. trilauryl trithtophosphite. tris(lauryl-2-thioethyl) 
phosphite, diphenyl bis[4,4'-n-butylidene bis(2-t-butyl-5-methylphenyl)]thiodiethanol diphosphite. triphenylphos- 
phine sulfide. tris(2-cyanoethyl)phosphine sulfide and tri-n-butylphosphine sulfide. 

In the present invention, the phosphoruses can be used in an amount of 5 to 40 wt%, preferably 10 to 30 wt% 
based on the resin. An amount less than 5 wt% cannot bring about the sufficient synergistic effect for improving the 
flame retardancy. An amount more than 40 wt%, on the other hand, causes the deterioration of physical properties. 
Because of these disadvantages, the amounts outside the above-mentioned range are not preferred practically. 

In the resin, the phosphoruses may be present separately from the component of the modified resins, or a part 
or the entire part of the phosphoruses may form a salt with the modified resin. The inclusion of a salt, for example, 
in the form of a salt of phosphoric acid, a polyphosphoric acid, phosphorous acid, phosphonic acid, acidic ammonium 
polyphosphate, an acidic phosphate ester or an acidic phosphonate ester with the modified resin is preferred, 
because of the still better synergistic effect for the improvement of the flame retardancy. 

The modified resin of the present invention can further improve the flame retardancy of the resin, when incor- 
porated together with a specific isocyanuric acids and/or cyanuric acids in the resin as a method for making the 
resin retardant to flame. This combination use is therefore preferred. 
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Examples of the specific isocyanuric acids and cyanuric acids include isocyanuric acids represented by the 
formula (3) 



i 

R., 



(3) 



wherein R 14 . R 15 and R 16 may be the same or different and they are individually a hydrogen atom or an alkyl group 
is having 1 to 3 carbon atoms, an oxyalkyl group having 1 to 3 carbon atoms, a phenyl group or a glycidyl group and 
cyanunc acids represented by the formula (4) 

- 9R,. 
" ' ( 4 ) 

R..cr c \^ ORij 

wherein R 14 , R 15 and R 16 have the same meanings as defined in the formula (3). 

The isocyanuric acids useful in the practice of the present invention are the compounds represented by the 
formula (3) in which R14. Rl5and R16 are the same or different and individually represent a substituent selected 
from the group consisting of a hydrogen atom, an alkyl group having 1 to 3 carbon atoms, an oxyalkyl group having 
1 to 3. a phenyl group and a glycidyl group. Typical examples of such isocyanuric adds include, but are not limited 
to. isocyanunc acid, methyl isocyanurate. trimethyl isocyanurate. triethyl isocyanurate. tris(2-hydroxyethyl) isocya- 
nurate. phenyl isocyanurate. diphenyl isocyanurate. triphenyl isocyanurate. dimethyl phenyl isocyanurate and tria- 
lycidyl isocyanurate. 

The cyanuric acids useful in the practice of the present invention are compounds represented by the formula 
(4) in which R 14 , R 15 and R 16 have the same meanings as defined in the formula (3). Typical examples of such 
cyanuric acids include, but are not limited to, cyanuric acid, methyl cyanurate. trimethyl cyanurate. triethyl cyanurate 
tr.s(2-hydroxyethyl) cyanurate. phenyl cyanurate. diphenyl cyanurate, triphenyl cyanurate. dimethyl phenyl cyanurate 
and triglycidyl cyanurate. 

In the present invention, the use ratio (an equivalent ratio to the triazine nucleus) of the sum of the isocyanuric 
acids and the cyanuric acids to the triazine nucleus equivalent in the modified resin can range from 0 01 are 5 
preferably from 0. 1 to 3. Use ratios less than 0.01 are too small to sufficiently bring about the effect of their combi- 
nation use. whereas use ratios more than 5 lead to the deterioration of physical properties. The use ratios outside 
the above range are therefore not preferred from the practical viewpoint. 

In the resin, such isocyanuric acids and cyanuric acids may present separately from the modified resin or a 
part or the enfcre part of these acids may form salts and/or react with the modified resin and may hence be contained 
partially or ent.rely in the form of salts. Inclusion of a salt and/or product, for example, a salt of an isocyanuric acid 
with the modified resin and a reaction product of triglycidyl cyanurate with the modified resin can bring about the 
still better flame-retarding effect, heat resistance and the like and is hence preferred. 

Useful examples of the above-mentioned salt include, but are not limited to. a salt obtained by dissolving or 
dispersing the isocyanuric acid and the modified resin in the presence or absence of a solvent and then heating the 
resulting solution to react them, a salt obtained by reacting the isocyanuric acid with the modified resin at a ratio of 
one to several equivalents of the isocyanuric acid to one equivalent of the triazine nucleus in the modified resin and 
mixtures of the salts formed through these reactions. 

The above-mentioned modified resin can further improve the flame retardancy of a resin, when employed in 
accordance w.th a flame-retarding method for the resin in which the modified resin is incorporated together with an 
am.no-conta.ning compound in the resin. This combination use of the modified resin with the amino-containing 
compound is therefore preferred. 

The amino-containing compound has an aliphatic group, an alicyclic group, an aromatic group or a heterocyclic 
group having at least two carbons. Preferred are compounds containing an aliphatic group, an alicyclic group or a 
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heterocyclic group having at least two carbons. More preferred are compounds which contain 
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as well as dicyandiamide, guanidine and reaction products between these compounds and aldehydes such as for- 
maldehyde or epoxy compounds- 
Typical examples of such amino-containing compounds include, but are not limited to, 1 ,2-ethylenediamine. 
1 ,3-diaminopropane, 1 .2-diaminopropane, 1 ,4-butylenediamine, 1 ,6-hexamethylenediamine, polyalkylenep- 
olyamines such as di ethyl enetriamine, tri ethyl en etetramine, tetraethylehepentamine and pentaethylenehexamine. 
cyclohexylamine, cyclohexyldiamine, 1.3-bis(aminomethyl)cyclohexane. aniline, benzylamine. furfurylamine. N-(3- 
aminopropyl)morpholine. N-(2-aminoethyl)morpholine. N-(2-aminoethyl)-piperazine, N-(3-aminopropyl)piperazine, 
N-(2-aminoethyl)piperidine, N,N'-bis(2-aminoethyl)piperazine, dicyandiamide, guanidine. urea and polyamide resins 
and reaction products between these compounds and aldehydes such as formaldehyde, for, example, ethylenedi- 
amine-formaldehyde (1/1) reaction product, piperazine-formaldehyde (1/1) reaction product, pentamethylene-hex- 
amine and salts thereof. 

In the present invention, the amino-containing compound can be used in an amount of 0.01 to 1 0 wt%. preferably 
0.05 to 5 wt% based on the resin. Amounts less than 0.01 wt% cannot exhibit synergistic effect to sufficient extent 
for the improvement of the flame retardancy, whereas amounts more than 1 0 wt% lead to the deterioration of physical 
properties. Amounts outside the above range are therefore not preferred from the practical viewpoint. 

In the flame-retarding method of the present invention for the resin, the thermal stability and the like of the resin 
can be improved by additionally incorporating additives such as a phenolic antioxidant, an amine-base antioxidant, 
a sulfur-containing antioxidant and a light stabilizer. These additives can be chosen as needed depending on the 
application purpose. 

Examples of the above-mentioned phenolic antioxidant include known compounds, for example, monophenolic 
compounds such as 2,6-di-t-butyi-p-cresol, butylated hydroxyanisoles. 2,6-di-t-butyl-4-ethylphenol and octadecyl- 
3-{3,5-di-t-butyl-4-hydroxyphenyl) propionate, bisphenolic compounds such as 2,2'-methylene-bi?-(4-methyl-6-t- 
butylphenol). 2,2 , -methylene-bis-(4-ethyl-6-t-butylphenol), 4,4'-thiobis-(3-methy1-6-t-butylphenol) and 4,4*-butyli- 
dene-bis-(3-methyl-6<ii-t-butylphenol), and high-molecular phenolic compounds such as 1.1.3-tris(2-methyl-4- 
hydroxy-5-t-butylphenyl)butane, 1.3,5-trimethyl-2,4,6-tris(3.5-di-t-butyl-4-hydroxybenzyl)benzene, tetrakis[methyf- 
ene-3-(3\5'-di-t-butyl-4'-hydroxyphenyl) propionatejmethane, bis[3.3'-bis(4-hydroxy-3M-butylphenyl)butyto acid] 
glycol ester and the like. They can each be used in an amount of 0.001 to 2.0 wt%, preferably 0.05 to 1 .0 wt% based 



Examples of the above-mentioned amine-base antioxidants include known compounds, for example, phenyl- 
1 -naphthylamine, phenyl-2-naphthylamine, N.N'-diphenyl-p-phenylenediamine. 6-ethoxy-2.2,4-trimethyl-1 ,2-dihy- 
droxyquinoline. dioctyliminodibenzyl, diethanolamine. triisopropanolamine. octadecyldiethanolamine. N.N'-diphe- 
nylethylenediamine. triethyltetramine. 4 mol ethylene oxide adduct of tridecylamine. 20 mol ethylene oxide adduct 
of hexadecylamine and the like. They can each be used in an amount of 0.02 to 5.0 wt% based on the resin. 

Examples of the above-mentioned sulfur-containing antioxidants include known compounds, for example, dilau- 
ryl 3.3-thio<ii-propionate. dimyristyl 3, 3-thio-di -propionate t distearyl-3.3*-thio-di-propionate, 2-rhethylmercaptoben- 
zoimidazole. pentaerythritol-tetrakis-(a-lauryl thiopropionate) and the like. They can each be used in an amount of, 
0.01 to 4.0 wt%. preferably 0.05 to 2.0 wt% based on the resin. 

Examples of the above-mentioned light stabilizers include, but not limited to, known compounds, for example, 
benzophenone compounds, acetophenone compounds, benzotriazole compounds, benzoate compounds, oxalic 
anilide compounds, cyanoacrylate compounds, organic nickel compounds and hindered amine compounds. 

It is also possible to choose and use. as needed, one or more of the following additives: nucleating agents, for 
example, 4-t-butyl benzoate. adipic acid and diphenyl acetate; metal inactivating agents, for example, oxanilide. 
dicarboxylic dihydrazides and salicylic hydrazide; and free radical promoters, for example. 2,3-dimethyl-2.3-diphe- 
nylbutane (trade name "INTALOX CC DFB", made by Peroxyd Chemie GmbH), 3,4-dimethyl-3.4^diphenylhexane 
(trade name -INTALOX CC DFH", made by Peroxyd Chemie GmbH) and 2,3-dimethyl-2.3-diphenylhexane. 

In the flame-retarding method of a resin regarding the present invention, no particular limitation is imposed on 
the manner of the production of the resin. It is possible to apply any production method which is generally employed 
in mixing powdery additives in the resin. In the case of a thermoplastic resin or the like, for example, the resin in the 
form of pellets or a powder is mixed in advance with the additives at ordinary temperature and the resulting mixture 



on the resin. 
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tT*"' l!^:!™ 1 ften m0 ' ded by 30 6XtrUder - 3 heati "9 ro "- a 0^ like. As an alternative a resin 

SST^ addlt,Ve "l h '9 h ^"^trations is beforehand produced and is then molten Z Z£2^r 
with the usual res.n, and the resulting mixture is thereafter molded. In the case of a thermoJTnn^S * £ 
on the other hand, components essentia, to the present invention are ^2^^^Z^r £ 
polymer, or to a dope or compound which has been formed by adding a re nforcina Sill toTJ HZ P 
prepolyme, The resting mixture is kneaded and then mo W J It is ^^^^ ^JS^Z 
present invention should not be limited to these production methods. 

USES? extent not -mpainng the advantageous effects of the present invention. Examples of these aSet 
no ™ hT?' ^ ^ dis ? ersants - °'9 a ™ delating agents, stabilizers, foaming agents amfhaz! 

-ng agents delus ering agents, surface treatments, fluorescent agents, mildewproofing agents bartericSles anti 
oxKdants. ultravolet tight absorbers, known flame retardants or f.ame-retaXj aids S^^SS^Sl" 
banumrnetaborate. zirconiumdioxide. leadoxide. zincborate. a.urn,n^^ 

cTnTltco^o^ 

' "T* 35 melamine d6riVa,iveS ' ' Ubricants such as »*« ^ a <**s. higher fatt^ add esS 



N-CHrCHrI< <®HI< <^J* \J*~ 



-f-I< and >N-p-I< 
O O 

d,Cy ?. r ! di rri de, , 9l | anidi ? e ' ^ lh6ir reaCti ° n pr0duC,S wrth aldeh y des or *PO*y compounds 

monl^lT* t0 ,lame " re,ardin 9 method °< '"* present invention can be applied are preferably a ther- 

retard^ Polypropylene resins and polystyrene resins are extremely difficult to flame- 
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mentioned paragraph (i) is incorporated in the resin. As a result, the heat stability, ultraviolet light resistance, long- 
term heat resistance and weathering resistance of the resin can be remarkably improved; the excellent molded 
article of the resin can be provided which scarcely brings about heat deterioration, coloring and color change at 
high -temperature working; and the aforesaid modified resin is excellent in high-temperature stability, non-volatility 
and handling properties and can sufficiently protect the resin from decomposition or deterioration by heavy metal 
ions such as copper ions. In consequence, an excellent method for modifying a resin can be provided. 

Furthermor e, the temperatures at which the weight of the resin is reduced 1 % and 5% by heating can be remark- 
ably improved, and hence high-temperature working can be easily done without any trouble, which permits various 
kinds of molding and working operations. For example, polypheny! eneether resins are excellent in thermal physical 
properties at high temperatures, but these resins give rise to decomposition and gelation at the time of the high- 
temperature molding and working, so that they are very poor in moldability. Therefore, they are blended with another 
resin such as a polystyrene resin to improve the moldability and workability, with the result that the excellent thermal 
characteristics which they originally have are impaired and in a certain case, these characteristics are not utilized 
at all. In the aforesaid modified resin regarding the present invention, the heat stability can be remarkably improved, 
and the molding and working at high-temperatures are possible, so that the other resin to be blended can be reduced 
or is not required any more. In consequence, inexpensive new materials having the excellent characteristics can be 
provided. 

In the thermal stabilization method of a resin regarding the present invention, at least one of the aforesaid 
modified resins and epoxy-modified resin can be used in a suitable amount, and the modified resin may occupy a 
total portion or a partial portion of the resin. Practically, the modified resin is used in such an amount that the content 
of a triazine nucleus in the resin is in the range of from 0.01 to 10 wt%, preferably from 0.02 to 5 wt%. If the content 
of the triazine nucleus is less than 0.01 wt%, a sufficient stability improvement effect to heat, light and the like can 
scarcely be obtained, and on the other hand, if it is more than 10 wt%. the stability effect is not particularly improved 
any more, which is not preferable from an economical viewpoint. 

The resins to which the thermal stabilization method of the present invention can be applied are substantially 
the same as the above-mentioned resins to which the f lame-retarding method of the present invention is applicable. 
The thermal stabilization method of the resin regarding the present invention can enhance its stability improvement 
effect still further, when additives such as the above-described phenolic antioxidants, amine-base antioxidants, sul- 
fur-containing antioxidants, light stabilizers, nucleating agents and other additives are additionally used in amounts 
similar to those specified above or the below-described phosphite antioxidants are used additionally. These additives 
can be chosen as needed depending on the application purpose. 

Examples of the phosphite antioxidants include triphenyl phosphite, tris(nonylphenyl) phosphite, tris(2,4-di-t- 
butylphenyl) phosphite, diphenyl decyl phosphite. 2-ethylhexyl diphenyl phosphite, phenyl diisodecyl phosphite, 
diphenyl acid phosphite, tridecyl phosphite. tris(2-ethylhexyl) phosphite, tributyl phosphite, dilauryl acid phosphite! 
ditridecyl pentaerythritol diphosphite. distearyl pentaerythritol diphosphite, bis(2,4-di-t-butylphenyl) pentaerythritoi 
diphosphite. bis(nonylphenyl) pentaerythritol diphosphite. diisodecyl pentaerythritol diphosphite. phenyl-4,4-isopro- 
pylidenediphenol pentaerythritol diphosphite. trilauryl trithiophosphite. tris(lauryl-2-thioethyl) phosphite! diphenyl 
bis[4,4 , -n-butylidenebis(2-t-butyl-5-methylphenol)l thiodiethanol diphosphite, bis(neopentylglycol)-1 ,4-cyclohexan- 
edimethylene phosphite, hydrogenated 4,4'-isopropylidenediphenol polyphosphite, bis(octylphenyl) bis[4,4'-n- 
butylidenebis(2-t-butyl-5-methylphenol)) 1 ,6-hexanediol diphosphite, tetratridecyl-4,4'-n-butylidenebis(2-t-butyl-5- 
methylphenol) diphosphite. tetratridecyl-1 ( 1 ) 3-tris(2 -methyl-5M-butyl-4 -oxyphenyl)butane diphosphite, tetra(C12- 
15 mixed alkyl)-4,4*-isopropylidenedlphenyl diphosphite and the like. Preferably, these phosphite antioxidants can 
each be used in an amount of 0.01 to 10 wt% based on the resin. 

In the thermal stabilization method for a resin regarding the present invention, the production of the resin and 
the use of other additives can be conducted in a similar manner to the above-described flame-retarding method of 
the resin but are not limited. 

The resins to which the thermal stabilization method of the resin regarding the present invention can be applied 
are preferably thermoplastic resins, thermoplastic elastomers and synthetic waxes. More preferable is at least one 
selected from the group consisting of polyphenyleneether resins, polyacrylic resins, polystyrene resins, polyamide 
resins, polyolef in resins, olefin base thermoplastic elastomers and hydrocarbon base synthetic waxes. The prefer- 
able polyolefin resin is at least one selected from the group consisting of polyethylene resins, polypropylene resins 
and ethylene-propylene copolymers. 

D. According to a compatibilizing method of resins regarding the present invention, at least one of the modified resin 
described in the above-mentioned paragraph (a) and the epoxy-modrf ied resin described in the above-mentioned 
paragraph (i) is compatibilized with two other kinds of resins. As a result, the compatibility and dispersibility of the 
different kinds of resins can be remarkably improved, and a new material can be provided in which physical properties 
are improved; at the time of high-temperature working, the heat deterioration, coloring and color change of the resin 
can be inhibited, and the resulting material is excellent in high-temperature stability and non-volatility, can inhibit 
the generation of sublimation and bleeding, and is easy to handle and manufacture; even the compatibility and 
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dispersibility between the resins having largely different solubility parameters can be improved, and therefore many 
kinds o resins are selectable and applicable, so that various kinds of new materials can be provided since the 
molecular weight reduction and the quality change of the new material scarcely take place because of neither the 
decomposition nor gelation of the original resins, the characteristics of the resins can easily be maintained so that 
the excellent new materials can easily be obtained; and the thermal stability of the material obtained by the com- 
pat.bH.zat.on can also be .mproved. In consequence, the excellent modification method of a resin can be provided 
In the compatibilizing method of resins regarding the presenl invention, at least one of the aforesaid modified 
resin and epoxy-modif .ed resin can be used in a suitable amount, and the modified resin may occupy a total portion 
or a partial portion of the corresponding resin. Usually, the modified resin is used in such an amount that the content 
of a reaction res.due of the above-mentioned norbornenyl group-containing compound in the corresponding resin 
is in the range of from 0. 1 to 30 wt%. but the amount of the modified resin can be suitably selected in accordance 
wrth the use purpose. If the content of the reaction residue is less than 0.1 wt%. a sufficient compatibilization effect 
can scarcely be obtained, and on the other hand, if it is more than 30 wt%. the compatibilization effect is not par- 
ticularly improved any more, which is not preferable from an economical viewpoint. The epoxy-modif ied resin is used 
.n such an amount that the content of a reaction residue of the above-mentioned epoxide in the corresponding resin 
is in the range of from 0. 1 to 40 wt%. preferably from 0.5 to 30 wt%. but the amount of the epoxy-modif ied resin can 
be suitably selected in accordance with the use purpose. If the content of the reaction residue is less than 0 1 wt% 
rr.m t-KT c °^ a * biliza,ion effect 030 be obi ™*>- ^ °" the other hand, if it is morelhan 40 wt% the 

unSraWy " * "* Pa ' tiCUlar,y '"^^ *"* more - and 406 characteristics of the resin easily deteriorate 
As the compatibilizing methods of resins regarding the present invention, useful are a method which comprises 
incorporating at least one selected from the group consisting of the modified resin and the epoxy-modified resin into 
ofVJZrT kindS °! rSSinS - and anothef method *** comprises incorporating two^r Le difiSS 
of the modified resin and the epoxy-modified resin thereinto. These exemplified methods are not restrictive 

r*nZ°? h 'HI r69ardin9 ,h6 Pf6Sent inventi0n - the materia,s havi "9 vari °"s factional groups 

r^n«f th« • f T 1 ^'* ,c ^ tl0n can further be enhanced by the use of these materia.s. Uke the aforesaid m^dif^d 
!! n m If 56 US6d the com P atibilizi "9 method regarding the present invention. The modified 

resins obtained by the use of the norbornenyl group-containing compound represented by the formula (2) are pre- 
tend, because they have an active amino group which is excellent in reactivity and can be further modified by a 
modrficaton reaction with not only the above-mentioned epoxide but also a carboxylic acid (anhydride) of,a maleic 
anhydride-modrfied po.ypropy.ene resin or the .ike. an isocyanate of a polyurethane resin or the "ike. t /oxa^e 
of a sty ene-2-v,nyl-2-oxazol.ne copolymer or the like and an aldehyde of terephthalcarbaldehyde or the like These 
"atenalsare useful ,n the compatibilizing method regarding the present invention, similarly to the above-mention^ 
f ( lOQniso rosins. 

*JZZl to WHiCh th * cornpatibi,izin 9 method °' r <*ins regarding the present invention can be applied are sub- 
exaSs ofthT 6 35 . r nS , aPP,iCable ,0 ^ ^cturing. method of the modified resins but preferable 
rein, S u l* ^ ^ I*"*™*****, resins, saturated polyester resins, polyamide 

rnlf ?X , reSmS - P° , * s * rene resins and thermoplastic elastomers. Typical examples of the two or more 
Tnr ™? h 'T^*' ^ 3re n0t " m,ted ,a differentki "ds of binary and multiple resins of polyolefin resins 

^SS e h S, " s -.P° , yP ne ?y |eneether ^ins. polystyrene resins, polyimide resins and saturated polyester res- 

polyaram.d re s,ns and saturated polyester resins, different kinds of binary and multip.e resins of elastomers and' 
Tr reS,nS ' T* 1 P° | yP h enyleneether resins, polystyrene resins, polyimide resins and saturated 

polyester resms and Afferent krnds of binary and multiple resins of saturated polyester resins and other resin? 
™ S ♦ COmpa,ibi,izin 9 rne,hods °» resins regarding the present invention, there are a method which 

comprises simultaneously carrying out the manufacturing process of the aforesaid modified resin or epoxy-modified 

afar^S ^°T tlbi,i2in9 Pf0CeSS °' ditferenl kindS ° f resins ' *« a method which comprises first obtaining the 
222? ^ reSm ° f epoxy • rnodi,ied resin ' and th *n compatibilizing different kinds of resins by the use of the 
obtained modrfied resin or epoxy-modified resin. A suitable method can be selected from these methods in compli- 
ance with a use purpose, but these methods are not restrictive 

r a ml2ni.Ttf 3 "IT 9 meth0d WhiCh " b6 USed in the conTpatibiHzing met hod of the resins. For 

Eu7£ mil? ^1 h ^ 9 SUCh 35 3 Sing ' e SCTew extruder " a ,win - screw ex,r "der. heating rolls, a Bum- 
bury s mixer and a kneader. This method is not restrictive 

amoun^T 3 ^^ 

nhTnT ? J COnnect,on of «"* above-mentioned method, and examples of the additives include 

phenolic antioxidants, amme-base antioxidants, sulfur-containing antioxidants, phosphite-containing antioxidants 
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?pl;caTrp^ n oS ea,in9 a96n,S 3dditiVeS Th6Se add '* iVeS C3n bS Ch0Se " 35 needed on an 

L ! n?n!S2H m0 2' iC ^ n meth0d ° f r6SinS r69ardin9 present inven,ion ' at least ° ne resin °' ^ified 
resins described .n the .above-mentioned paragraphs (b) to (d) and the epoxy-modified resin described in the abo£ 

men oned paragraph (,) is used. As a result, wettability, adhesive properties, coating properties, dyeability Si 
repeHenc* solvent resistance and the .ike of the resin can be improved; since the h?gh.rno.ecu.ar 
« mod,f,ed and denatured instead of adding a low-molecular weigh, additive, the modified resin is eJSwES 
Z^T^* ^ non - vo,a,i,it * and the dimi ™«°" d the effect due to the loss of a modified SI X 
heat o the like does not take p.ace: the separation and loss of the modifier by poor compatibility with the "s7n 

cTn^ W th r ettab " ity ° n ° f ,he reSin «" be selected in compliance ™th a usTpu X ln 

consequence, an excellent surface modification method of a resin can be provided Purpose, in 

r-n? 6 S ^ aCe ? difiCa i ti0n m6th0d 0< 3 r6Sin re9ardina ,he P fesent Mention is particularly useful for polyolefin 

reSinS in which surface P r °P^es such as adhesive properties, coating 
and dyeabHrty are not,ceab. y hmited. These resins have excellent physical properties and characterises UhS 
apphcat.ons are severely limrted. because of having these serious fautts. By virtue of this surface ^Wcation 

TpSo^ 

* on t^-l* P 0 '^ 0 ^ 16 " 6 ,iDers have excellent Matures such as being light, strong, warm and easily dryable but 

Z zr^r ,- i I* r 3 Sef ' 0US de,eCt ° f the SUrface properties that d * eab % * noticeably poor For this reasSf 
the applications of the polypropylene fibers are noticeably limited 1 

a m^ , ! Chniq . l ! eS fof imP T Vin9 ,he dyeaDi,ityi many suaaes «o n s have been made which comprise, for example addina 
a modifier or utiUz.ng a maleic acid-modified polypropylene fiber. However, these suggestedmethods aS^meSa? 

* SSt H f e , X3mP * ^ dyeabHity iS n0t ° btained: the dis P erei °n and compatibly of £ S^e 
» insufficient, heat res,stance noticeably deteriorates; and weathering resistance is poor 

rpm a A ^N dm9 t0 'u^ 6 modification me,hod of a resin regarding the present invention, the functional group for 
reroarkably .mproving the dyeabi.ity can be bonded and introduced to the resin as much as requirTa^ hTs^oS 
safsfactorrfy ,mprov,ng dyeability can be imparted by the modification. For example, the dyeSilrty is exceLntTJ 

30 h r r K a ° n ^ ""V*** is not resistance and wearing distance a e excS IZ 

cienl; inhS ^ deteri ° rati ° n °' ^ ***** by ^ moteeuh ' W ^ ht and th^SS^ . 

The manufacture and dyeing method of the modified fibers can be carried out by the use of a known soinninn 
procedure, a known dye. known dyeing conditions and known soaping procedure and th like ^ Sinl ^1^, n 9 | 

^ S o~ 

orovW^i 9 ! 0 ,he ^ rf l Ce m0d, l ca,ion method of a resin yarding the present invention, on the surface of the resin 
?Z T reS ' n 0bWn6d by the USe °' the norb0 ^ group-containing compound represent by 
the formula (2) an active amino group having an excellent activity is present in large quL^^reZTm^n 

.0 SUC h r a H be T* ^ a " a,dehyde ' an ep0Xide " 3 Ca,t0 ^ lic acid ^^). an is^cyanal InZZ5££l£Z 
S S £ ! ,T and 3n alkox ' si,ane - a sila2ane ° r 9 silane such as a specific sily. agent, silane agente 
very use a j r y ' " eP ° XySi ' ane " ,lu ™ e ™ tai ™° * further modify the surface. This mSS 
According to the present invention, there can be provided a coating resin composition having good coatina Droned 
which compnses using at least one resin selected from the group consisting oHhe aM^SSSS^ 

>s above-mentioned paragraphs (b) to (d) and the epoxy-modified resin described in the above-meTon£ Sa^aoh flT 

S£ C T 9 rSS,n C ° mPOSi,i0n 3 Se9ment havin 9 a ^ compatibility with J^£g£fl 

excellent in adhes-ve properties to a material, and it is also excellent in solvent resistance water resisfanS^coSno 
properties. Furthermore, according to thepresent invention, there can be provided an adh^ 

IntfoS ^ ab J 5ve - mentioned Paraphs (b) to (d) and the epoxy-modrfied resin dew^ln^SSS 

nZ^ ?S a9ra ^ ( ": SmCe ,he adh6SiVe r6Sin corn P° siti °n contains a segment having a good c^patib«L S a 
properties to the matenal. The compos,t.on can also be used together with various materials to provide a composite 

5 moH. l fi 0 !I , L SUr<aC l m0di,iCati0n me,h0d 0< 3 f6Sin re9ardin 9 the P resent inven tion. with regard to the amount of the 
mod,f,ed res.n or the epoxy-modified resin to be used, this modified resin may occupy a total porfion l a^a\Z^ 

In." feS,n , ^ ffl0,Sfi8d feSin ^ ,he WmodilW resin can be effectively JK^^a JSSZ^ 
canbesu.tab.yse.ectedinconp.iancewithausepurposetoaccomp.ishtheexcel.entsurLmc^^^^ 
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olefin base thermoptastic elastomer so £E^%^ T^TT t09eth « 3 rubb * »* as an 

of the modrf.ed resin can be suitably selected in accorria^ i .u 3096 0f from 0 1 10 30 <*%. but the amount 

tren 30 wt%. the modtf ication effect is not particularly ZToT^'Z**^ 0 " *• 0,her hand - » » * ™re 
wh,ch ,s not preferable from an ecor^mical viewp^im ^ 

— Z5e^T~i:rs 

- can be sutably selected in accorda^^ 

a sufficient surface modification effect can scarry ri SnlT T~V* ** WKton reSidue is ,ess ,ha " 0. 1 ST 
characteristics of the resin easily deteriorate whi2 fs n^etabT °° ^ ^ ^ * * * m ™ ^ 30 ^ 

but are not limited. m " ar manner t0 ,he above<iescr.bed flame-retarding method of a resin 

"ate, reliance ard the Ike. Moreover Ihe «T!iS* S ?" t|MK to the various resins, solvemresiaance 

epoxy-modtfied resin obtained by using bispheno, TSSZZTT" * Vari °° S resins Moreover m e 

epo.de is particular* preferable, becaus ToZ^S^t Zl^^ ^ 3 »**«™ene sMeton as £ e 

The adhesive resin composition may be in eSeTSle^ : 
ype such as a hot-melt type adhesive ari a J^ZS^VST ^ » a «* •"*»«• 

type of the adhesive resin composition can t^S^S^^T* 1 adhesiv * and thedesired 

A manufacturing method of the aforesaid rJ^ se,ec,ed ,n compl.ance wrth a use purpose 
utilization lead to the foHowing JISSXT " ^ ^ '*« the P—nTinvention as we,, as its 

^ It P . r ! Para,i ° n meth0d ' ,he ^ ica «°" can Z ^ZZZ^ "^^^^^^onditions. According 
and the l.ke of the resin, and there can be *^£%££l TthT ^ **** properties 

the properties such as flame retardancy. thermal stabZ h«t 6S ' a 3 fUnCtional 9 rou P e «ective to irrprove 

wettability, adhesive properties. co^^^^^^Sl surface properties 

bv r^ TO ?H 3 m6,h0d for Preparina the a^esaid ***** 9 ' 0SS the 

by reacting the aforesaid specific modified resin and? eLJS ,^1 J * invention 03,1 be accomplished 

be eas y carried out. and the modification can b TsuSlv ITZ^'l COnditi ° nS - This pre P ara,i ° n can 
wettab ( l,ty. coating properties, adhesive pr<^rti e V a ^ h ^? remarkably improve surface properties such as 
re.ainadditi^.theaforesaidmod^ 
andd-spers-b-lrtybetween different kinds of resins^rW^ 

*«nmn and epoxy-modified resin can be wde.y S^T^S^T** *" PMparin " the aforesa « ™* 
methods can be industrially very useful ^veioped many appl.cat.ons, and hence it is fair to say that these 

- b e c ™ 

norbornenyl group-containing L^J^SiS^^^ " ^^ified resin obtained by Z use <JU 
contrast to a method which compos SSiTS^^S f i,S , C0 " densate <* * etherif iedUen^n 
can .nh.b.t the generation of sublimation. bleWg Z thete S T" 6 ' the method of P rese "« Mention 
bonde. and introduced to the resin, the .oss oZTc^Zln^" " retarda ^--Par*ng component is 
scarcely occur. Therefore, the effect of the comoon^,^^ * 3nd 3 ^^on failure such as Weedina 

of the obtained resin can be ^rkably^ 

character.st.es and P hys,cal properties of the original resin are 
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not impaired, and the char formability and the like of the obtained resin are extremely good, so that the sagging or 
dripping of oil droplets or a melt can be remarkably decreased. In addition, an extremely noxious gas is not given off 
during burning. It is apparent from the foregoing that the flame retardancy improvement effect of the obtained resin is 
excellent. When the aforesaid modified resin is used together with phosphoruses, an isocyanuric acid, a cyanuric acid 
or an amino group-containing compound, a synergistic effect can be obtained to further improve the flame retardancy. 
For these advantages, the obtained resins can be widely developed in many applications, and the present invention can 
be considered to be industrially very useful. 

The thermal stabilization method of a resin regarding the present invention can be accomplished by the use of the 
aforesaid modified resin or epoxy-modified resin which can be obtained by employing the norbornenyl group-containing 
compound of the formula (2), its condensate or its etherified condensate. In the thus thermally stabilized resin, ultraviolet 
light resistance, heat stability, heat resistance and the like can be remarkably improved, and even when molding is made 
at a high temperature, heat deterioration, coloring and color change can be inhibited, which means that the stabilized 
resin is improved in heat stability and heat resistance. Even when used at a relatively high temperature for a long period 
of time, the resin scarcely deteriorates, so that its physical properties can be maintained very satisfactorily. Since the 
thermal stability -imparting component is bonded and introduced to the resin, the loss of the component with time and 
a dispersion failure such as bleeding scarcely occur, so that the effect of the component can be maintained for a long 
time and thus a stability effect to heat, light and the like is also sufficient and it can be exerted for a long time without 
inducing any secondary troubles. In addition, the stabilized resin can sufficiently protected from decomposition or dete- 
rioration by heavy metal ions such as copper ions, and since thermal stability and heat resistance can be remarkably 
improved, the high-temperature molding and working of the resin can be very easily accomplished. Thus, the resin 
thermally stabilized by the method of the present invention is extremely excellent in thermal stabilization improvement 
effect, and so the method permits the offer of new materials having such excellent characteristics as described above. 
For these advantages, the thermally stabilized resins can be widely developed in many applications, and the method of 
the present invention can be considered to be industrially very useful. 

The compatibilizing method of resins regarding the present invention can be accomplished by using the aforesaid 
modified resin or epoxy-modified resin together with two or more different kinds of resins. In the thus compatibilized 
resins, the compatibility and dispersion of the different kinds of resins can be remarkably improved, and this method 
permits the offer of new materials to which new characteristics such as impact resistance, stiffness, flame retardancy, 
heat resistance, chemical resistance, barrier properties, pearl gloss, moldability/workability, adhesive properties and 
coating properties can be imparted. Furthermore, in the compatibilized resins, coloring and color change at high-tem- 
perature working can be inhibited, and these resins are also excellent in high-temperature stability and non-volatility. 
The compatibilized resins can inhibit the generation of sublimation, bleeding and the like, and they are also excellent in 
adhesive properties, electrical properties and the like and their handling and manufacturing are easy. According to the 
present invention, even the compatibility and dispersibility between the resins having largely different solubility param- 
eters can be improved, and therefore many kinds of resins are selectable and applicable. In the compatibilized resins, 
their molecular weight reduction, quality change and the like, which are caused by the decomposition or the like of the 
original resins, scarcely occur, so that the characteristics of the compatibilized resins can be easily maintained. The 
aforesaid modified resin or epoxy-modified resin can also be obtained from the different kinds of resins themselves to 
be compatibilized, and in this case, a third component such as a low-molecular weight compound for the compatibilization 
is not required, so that excellent new materials can be provided. In addition, this modified resin or epoxy-modified resin 
functions to improve thermal stability, water resistance and chemical resistance in the compatibilized resins. For these 
advantages, the compatibilized resins can be widely developed in many applications, and the method of the present 
invention can be considered to be industrially very useful. 

The surface modification method of a resin regarding the present invention can be accomplished by using the afore- 
said modified resin or epoxy-modified resin. In the thus surface modification resin, surface properties such as wettability, 
adhesive properties, coating properties, dyeability and water/oil repellency can be remarkably improved, and since any 
third component such as a surface modifier is not required, the decrease of the effect due to the loss of the surface 
modification-imparting component does not occurs any more, so that the physical properties of the resin do not lower, 
either. It is not necessary to carry out the surface modification after molding or the like, and therefore the good and 
uniform surface modification can be done for molded articles having various shapes. In particular, according to another 
excellent feature of the present invention, the functional group of the aforesaid modified resin or epoxy-modified resin 
can be bonded and introduced to polyolefin resins and the like which can scarcely accept surface properties such as 
adhesive properties, coating properties and dyeability, whereby the surface properties of these kinds of resins and their 
fibers can be remarkably improved. 

Moreover, the present invention can provide a coating resin composition and a adhesive resin composition obtained 
by the use of the aforesaid modified resin or epoxy-modified resin. The coating resin composition is excellent in adhesive 
properties to a resin, solvent resistance, water resistance and the like, and the adhesive resin composition contains a 
segment having a good compatibility with a resin and a segment having good adhesive properties to another base 
material, and hence the adhesive resin composition is excellent in adhesive properties to various materials. Thus, accord- 
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ing to this invention, new materials can be provided For these advance k 

« oura noi D e limited by these reference examples and examples at all. 

Reference Fyamp io 1 

Preparation of ncxbornenecarrxjguanarnine-formaldehyde condensate: 

243.2 g (3.0 mols) of a 37% formalin was added to 203 0 a n mnii «f o ,a a * 
010(2.2 ! Jhep ,. 5 . ene (hereinafter abbreviated to "noAmwS ° . 2 - (4 6 - d,am,n °- 1 - 3 -5-tria 2 in-2-yl)-bicy- 
PH , 0.5 with a 20% aqueous potassium ^SSS^S^S!^\ ^ ^ ^ adjUS,ed * 
a temperature of 70'C for 1 hour under stori™ aI^hI ? , . 9 and St,mn9 Nexl ,his mixture *®s heated at 
was added to this reaction rS rTf ^ £ ^Lm e 0 ^2 oT' ^ """l 3 2 ° % at,Ue0US aad so)utio " 
temperature of 70'C under stirring to s.Ly be^e tu*S ^and' £T£T* m,XtUre h6ated at a 

reaction. After the completion of the heating Ws^onmS,^ th,s w heat,n 9 ™ continued for 3 hours to carry out 
hydroxide solution. arSthe resulting pS^ 

washed witt, distilled water, and ^dM^^S^^^^ ^« collected precipitate was sufficiently 
of t heso,id,twasap„ 

Referenc e Exam ple ? 

Preparation of norbornenecarboguanamine-formaldehyde condensate: 

243.2 g (3.0 mols) of a 37% formalin was added to 203 0 a M mon a 

was then adjusted to P H 10 .5 with a 20% aqueous rStaSium ^^^T^ rtK ^ m ^ the mixture 
mixture was heated at a temperature of 70»C toTso^^^J T" m * in9 ^ Stirrin 9 Next - 
aqueous nitric acid solution was added to thfc U " d& f™S After »» completion of the heating, a 20% 

mixture was heated at a tempera^ S£ ZTslZZV^Z** ,0 PH 4 0 Furtne »™* ^ reaction 
1 hour to carry out reaction. Ifter ££££ Z^^^^ "« ^ ™ ** 

aqueous potassium hydroxide solution. Next, ZH^b^^^??" T '"^ l ° PH ? ° 3 20% 
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Reference Examp lp a 

Preparation of etherified condensate of norbornenecarboguanam,ne: 



50 



caCar^ 

mixing and stirring. Afterward, this mixtuSwas h7a ~ at J ,pI f % ^ ueo ^ Potassium hydroxide solution under 
20% aqueous nitric acid solution was ^J^^^SST^ ^ *" 3 ° Under S,irrin * and a 

reaction mixture was heated for 3 hours v^S^TZ w K * t0 pH 3 0 Furth ^more. the resulting 
conditions. After the comp.etion d he^ng a 20%' 22^^^ "~ 0Ut Under re " ux 
to adjust the same to P H 8.0. and the re^^^S^T^ ™* added t0 this reac,ion 

Torn the so«ution toobtain a resinous pTiucI ^^t Jl^T^^ the «~ remo ^ 
condensate contai^ngac., ether iupa^S 

Referencp Examp lp 4 

Preparation of epoxidized polyphenyleneether resin: 

In a 2-liter autoclave equipped with a stirrer and an inlet were DlacPriPnn^fo , u . 
average molecular weight = 21 000) and 1 liter of ^1! 9 ° 3 P^VPhenyteneelher resin (number- 

Afterward, the mixture was slowly heaS i^ilSlS?*^ "* 3Ut0dave was P^* 1 "«rogen. 

the autocave was maintained S5? N e * 5 cc of a ,0^ TJ T S?* - * ^ ^ ,he ,e ^ era, " e in 

u Next. 5 cc of a 10% aqueous sod.um hydroxide solution was added to the 
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solution, and reaction was then carried out at an inside temperature of 100°C for 5 hours. After the completion of the 
reaction, remaining epichlorohydrin was distilled off under reduced pressure, and chloroform was added to the resulting 
solid to dissolve it. From the solution, insolubles were removed by filtration, and a methanol -water mixed solvent was 
then added to the solution. Next, the deposited precipitate was collected by filtration, sufficiently washed with the above- 
mentioned mixed solvent, and then dried under reduced pressure to obtain an epoxidized polyphenyleneether resin. As 
a result of analysis of the resin, it was apparent that the resin had an epoxy equivalent of 24.000. 

Example 1 

Preparation of modified polypropylene resin: 

100 parts by weight of a polypropylene resin (trade name Mitsui NOBLEN JS-G. made by Mitsui Toatsu Chemicals 
Inc.) was sufficiently mixed with 10 parts by weight of norbornenecarboguanamine and 0.1 part by weight of dilauryl 
thiodipropionate by a Henschel mixer. Afterward, the mixture was fed to a twin-screw extruder equipped with a 20-mm 
vent sealed with nitrogen, and kneading and reaction were then carried out under such conditions that the mixture was 
allowed to reside at 260°C for 10 minutes, followed by pelletizing. 

The resulting pellets were dissolved in hot xylol, and the solution was then filtered through a membrane filter (pore 
diameter = 1 .0 \im) . To the filtrate, methyl cellosolve was poured, and the deposited precipitate was collected by filtration, 
sufficiently washed with methyl cellosolve, and then dried under reduced pressure to obtain a white solid. As a result of 
the analysis of this solid, it was apparent that the solid was a modified polypropylene resin to which 4.9 wt% of a 4,6- 
diamino-1,3,5-triazine skeleton was bonded. The results of the elemental analysis and infrared absorption spectrum 
analysis of this solid were as follows. 



Elemental analysis 




C 


H 


N 


Found: 


83.1% 


13.8% 


3.1% 



Infrared absorption spectrum analysis 
NH 2 -based absorption 3320, 3150 cm' 1 
C=N-based absorption 1630, 1550 cm" 1 
Triazine ring-based absorption 815 cm" 1 

Example 2 

Preparation of modified polypropylene resin: 

Kneading and reaction were carried out by the same procedure as in Example 1 except that 10 parts by weight of 
norbornenecarboguanamine in Example 1 was replaced with 25 parts by weight of the same compound, followed by 
pelletizing. 

The pellets were treated with a solvent in the same manner as in Example 1 . The resulting solid was dried under 
reduced pressure, and then subjected to analysis. As a result, it was apparent that the solid was a modified polypropylene 
resin to which 10.9 wt% of a 4,6-diamino-l.3,5-triazine skeleton was bonded. The results of the elemental analysis of 
this solid were as follows. 

Furthermore, the measured Ml value of the pellets of this solid was 1 .8. On the other hand, as a comparative example, 
a solid was obtained by similarly kneading the above-mentioned polypropylene resin alone, and its Ml value was 2.3. 
The preparation method of the present invention was so excellent that the molecular weight reduction, color change and 
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of the resin were scarcely brought about. 



Elemental analysis 




C 


H 


N 


Found: 


80.1% 


13.0% 


6.9% 
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Example 3 

Preparation of modified polypropylene resin: 



reducedpressure.^^ 1. The resulting so.id was dried under 

res,n to which 4.9 wt% of a 4.6<liamino-1 3 s SSnVS- ^ ^^^^^"^^^odifiedpdypropyiene 
this solid were as follows. ,3,5 tna2 ' ne Skelet0n was The results of the element* Sysis 0 f 



Elemental analysis 
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H 


N 


Found: 


83.2% 


13.7% 


3.1% 
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Comparati ve Exam ple 1 

Modification test of polypropylene resin: 



hcydop.2. .Ihepane. Movrea „ ,ec,aced by we,ght of s-Rs-aamino. , .3.5-lriain." 

As a result , „ was tna{ the e * of a fSnoT? 3na,ysiS were made 

m the raw material polypropylene resin, which meant to th^aw r^»T . , naZ ' ne Ske ' et0n were ™t confirmed as 
resu.ts of the elemental analysis of this sow were as folfows Propylene resin was not modified. The 



Elemental analysis 
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H 


N 


Found: 


85.6% 


f 14.4% 


I 0.0% 
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Comparative Example 2 

Modification test of polypropylene resin: 

100 parts by weight of a polypropylene resin (trade name Mitsui NOBLEN JS-G. made by Mitsui Toatsu Chemicals 
Inc.) was sufficiently mixed with 10 parts by weight of 5-norbornene-2,3-dicarboxylic anhydride and 0.1 part by weight 
of dilauryl thiodipropionate by a Henschel mixer. Afterward, the mixture was fed to a twin-screw extruder equipped with 
a 20-mm vent sealed with nitrogen, and kneading and reaction were then carried out under such conditions that the 
mixture was allowed to reside at 240°C for 10 minutes, followed by pelletizing. 

The resulting pellets were dissolved in hot xylol, and the solution was then filtered through a membrane filter (pore 
diameter = 1 .0 fim). To the filtrate, methanol was poured, and the deposited precipitate was collected by filtration, suf- 
ficiently washed with methanol, and then dried under reduced pressure to obtain a white solid. As a result of the infrared 
absorption spectrum analysis of this solid, it was apparent that neither carboxylic acid-based absorption nor carboxylic 
anhydride-based absorption (at 1710. 1770, 1785, 1860 cm"i and the like) were confirmed, which meant that the poly- 
propylene resin was not modified at all. 

Furthermore, kneading, reaction, treatment and analysis were carried out by the same procedure as described 
above except that a kneading temperature of 240°C was replaced with a kneading temperature of 260°C or 280°C. As 
a result, it was apparent that even under these kneading conditions, the polypropylene resin was not modified at all. 

Comparative Example 3 

Modification test of polypropylene resin: 

Kneading and reaction were carried out by the same procedure as in Comparative Example 2 except that 10 parts 
by weight of 5-nobornene-2,3-dicarboxylic anhydride in Comparative Example 2 was replaced with 10 parts by weight 
of maleic anhydride, followed by pelletizing. 

The pellets were treated in the same manner as in Comparative Example 2 to obtain a white solid. For this solid, 
infrared absorption spectrum analysis was made. As a result, it was apparent that neither carboxylic acid-based absorp- 
tion nor carboxylic anhydride-based absorption (at 1710. 1770. 1785, 1860 cm'i and the like) were confirmed, which 
meant that the polypropylene resin was not modified at all. 

Example 4 

Preparation of modified polyethylene resin: 

Kneading and reaction were carried out by the same procedure as in Example 1 except that a polypropylene resin 
(trade name Mitsui NOBLEN JS-G, made by Mitsui Toatsu Chemicals Inc.) in Example 2 was replaced with a polyethylene 
resin (trade name HIZEX 6200BP, made by Mitsui Petrochemical Industries. Ltd.), followed by pelletizing. 

The pellets were treated with a solvent in the same manner as in Example 1. The resulting solid was dried under 
reduced pressure, and afterward, for the solid, elemental analysis and infrared absorption spectrum analysis were made. 
As a result, it was apparent that the solid was a modified polyethylene resin to which 1 1 .3 wt% of a 4,6-diamino-1 ,3,5- 
triazine skeleton was bonded. The results of the elemental analysis of this solid were as follows. 



Elemental analysis 




C 


H 


N 


Found: 


79.8% 


13.0% 


7.2% 



Example 5 * 

Preparation of modified polyphenyleneether resin: 

1 00 parts by weight of poly(2,6<iimethyl- 1 ,4-phenyleneether) having an intrinsic viscosity of 0.42 was sufficiently 
mixed with 10 parts by weight of norbornenecarboguanamine and 0.1 part by weight of dilauryl thiodipropionate by a 
Henschel mixer. Afterward, the mixture was fed to a twin-screw extruder equipped with a 20-mm vent sealed with nitrogen. 
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sufficiently washed with methyl cellosole. and the Z ^^1^^ 
of the analysis of this solid, it was apparent that the solid w a T! ^ f7 P . 0613,0 3 yel,ow 801,(3 As a resul « 
in the unmodified resin was O.^S^ feSin (a nrtrOQen «*•«« 

of the elemental ana«ysis of this^d weTe as foS 4 -^^no-1 .3.5-tnaz.ne skeleton was bonded. The resu.ts 

Furthermore, the molecular weight of the pellets was measured bv GPC a „H « , 
molecular weight was about the same as thai of the raw ™S ^7 „ , 3 eSU "' " was that the 

kneading and reaction Thus *e S£ia£ mJS^SZ Polyphenyleneether resin before the above-mentioned 
change, color change ™ e '^ 
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Elemental analysis 





C 


H 


N 


Found: 


77.8% 


6.6% 


3.2% 



Examp lp fi 

25 Preparation of modified polystylene resin: 

100 parts by weight of a polystylene resin (trade name TOPOLEx" «5?n o k -r 
was sufficiently mixed with 5 parts by weiqht of norbornentLi^ I 1 * by MrtSU ' T ° 3tSU ^^cals.^lnc.) 

hydroxy-S-t-buty^henyObutanrby mSS* ^^xTaS™^? T'" 6 ^ 0,1 ^ by ^ °' M**™**"- 
with a 20-mm vent si with SC^SS^^T ^ ^^"PP* 
the mixture was aHowed to restfe at^'C for lS^,£?,£2£^ "* "* COnditl ° nS ^ 

suff icien«y washed with methy. cellosoive anXn 3^;ST^^ Pre<W ^^ tort ^ ,a, ^• 
the analysis of this solid it was amuM mat Z Jj? Pr6SSUre t0 ob,3in a 50,1(1 As a result of 

diamino-U.S-.ria.ine £££££ ^^Ti'SSlf^ * *** 25 * 3 4 ' 6 " 
analysis of this solid were as follows. 60,31 3n3lyS,S 3nd in,rared absorption spectrum 
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Elemental analysis 
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H 


N 


Found: 


90.7% 


7.7% 


1.6% 



50 



55 



Infrared absorption spectrum analysis 
NH 2 -based absorption 3310, 3160 cm~i 
C=N-based absorption 1630, 1550 am 
Triazine ring-based absorption 818 cm"i 

Example 7 

Preparation of modified saturated polyester resin: 

was slTen^ ™ PBT Resin TRB-H. made by Teijin Limrted, 

m,xer - Afte «w«i. the mixture was fed to a twin-screw extruder equipped 
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with a 20-mm vent sealed with nitrogen, and kneading and reaction were then carried out under such conditions that 
the mixture was allowed to reside at 260°C for 15 minutes, followed by pelletizing. 

The resulting pellets were dissolved in dichloroethane. and the solution was then filtered through a membrane filter 
(pore diameter = 1 .0 urn). To the filtrate, methyl cellosolve was poured, and the deposited precipitate was collected by 
filtration, sufficiently washed with methyl cellosolve, and then dried under reduced pressure to obtain a white solid. As 
a result of the analysis of this solid, it was apparent that the solid was a modified saturated polyester resin to which 4.3 
wt% of a 4,6-diamino-1 ,3.5-triazine skeleton was bonded. The results of the elemental analysis and infrared absorption 
spectrum analysis of this solid were as follows. 



Elemental analysis 




C 


H 


N 


Found: 


64.5% 


5.5% 


2.7% 



Infrared absorption spectrum analysis 
NH 2 -based absorption 3320, 3160 cm" 1 
C=N-based absorption 1630, 1550 cm" 1 
Triazine ring-based absorption 816 cm" 1 

Example 8 

Preparation of modified polyamide resin: 

1 00 parts by weight of a polyamide resin (trade name Toyobo Nylon T-802. made by Toyobo Co. , Ltd.) was sufficiently 
mixed with 10 parts by weight of norbornenecarboguanamine by a Henschel mixer. Afterward, the mixture was fed to a 
twin-screw extruder equipped with a 20-mm vent sealed with nitrogen, and kneading and reaction were then carried out 
under such conditions that the mixture was allowed to reside at 250°C for 15 minutes, followed by pelletizing. 

The resulting pellets were dissolved in m-cresol, and the solution was then filtered through a membrane filter (pore 
diameter = 1.0 fim). To the filtrate, methyl cellosolve was poured, and the deposited precipitate was collected by filtration, 
sufficiently washed with methyl cellosolve, and then dried under reduced pressure to obtain a white solid. As a result of 
the analysis of this solid, it was apparent that the solid was a modified polyamide resin to which 4.8 wt% of a 4,6<liamino- 
1 ,3,5-triazine skeleton was bonded. The results of the elemental analysis of this solid were as follows. 



Elemental analysis 
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Found: 


62.5% 


9.5% 


14.7% 



Example 9 

Preparation of modified polymethacrylic resin: 

100 parts by weight of a polymethacrylic resin (trade name Parapet HR, made, by Kyowa Gas Chemical Indutries 
Inc.) was sufficiently mixed with 10 parts by weight of norbornenecarboguanamine by a Henschel mixer. Afterward, the 
mixture wa^ fed to a twin-screw extruder equipped with a 20-mm vent sealed with nitrogen, and kneading and reaction 
were then carried out under such conditions that the mixture was allowed to reside at 260°C for 15 minutes, followed by 
pelletizing. 

The resulting pellets were dissolved in methyl ethyl ketone, and the solution was then filtered through a membrane 
filter (pore diameter = 1.0 urn). To the filtrate, methanol was poured, and the deposited precipitate was collected by 
filtration, sufficiently washed with methanol, and then dried under reduced pressure to obtain a white solid. As a result 
of the analysis of this solid, it was apparent that the solid was a modified polymethacrylic resin to which 4.7 wt% of a 
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4.6-diamino-l.3.5-tria2ine skeleton was bonded. The results of the elemental 



analysis of this solid were as follows. 



Elemental analysis 
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Example in 

Preparation of modified EP rubber: 

the analysis of this solid it was aonaront iLt .hT"^", . pressure to obtain a white solid. As a result of 



Elemental analysis 
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Found: 


83.4% 


13.8% 


2.8% 
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Example 1 1 

i 

Preparation of modified PP wax: 

separation. This treatina ooerafon w^rl^w was P? ured ' and the 'esultmg resinous material was collected by 
to obtain a white SJuE S "h rj^^r^'^^^^^^^ 
which 8.8 wt% of a 4 6<i?a m ™ 5 1. T aPParem that ,he S0,id was a mod « ied Pp wax to 
were as follows ' ' 32,06 Ske ' et ° n W3S b ° ndetl 1,16 results of ^ elemental analysis of this solid 



Elemental analysis 
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13.1% 
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Examples 12 to 16 

Preparation of modified polypropylene resin: 

Kneading and reaction were carried out by the same procedure as in Example 1 except that norbornenecartx>gua- 
namine in Example 1 was replaced with each of norbornenyl group-containing compounds shown in Table 1. followed 
by pelletizing. 

The resulting pellets were treated with a solvent in the same manner as in Example 1 . The resulting solid was dried 
under reduced pressure, and a nitrogen content was then measured (elemental analysis). The results are shown in 
Table 1. 

As shown in Table 1 , when the reaction is carried out using the norbornenyl group-containing compounds regarding 
the present invention, the excellent modified polypropylene resins can be prepared easily in a high yield. 



Table 1 



Example 


Norbornenyl Group-Containing Compound 


Elemental Analysis (N%) 


12 


Etherified Condensate of Reference Example 3 


2.4 


13 


2-(4,6-diamino-1 l 3,5-triazin-2-yl)-2-methyl-bicyclo[2.2.1]hept-5-ene 


2.7 


14 


2-[4,6-bis(butoxymethyamino)-1 l 3,5-triazin-2-yl]-bicyclo[2.2.1]hept-5-ene 


1.6 


15 


2-[4,6-bis(N,N-di-n-hexylamino)-1.3.5-triazrn-2-yl]-bicyclo[2.2.1]hept-5-ene 


1.1 


16 


2-[4 l 6-bis(2-hydroxyethylamino)-1,3 l 5-triazin-2-yl]-bicydot2.2.1]hept-5-ene 


2.1 



Example 17 

Preparation of modified polyethylene resin: 

100 parts by weight of a polyethylene resin (trade name Rextron J79-4F25, made by Nippon Petrochemicals Co., 
Ltd.) was sufficiently mixed with 20 parts by weight of norbornenecarboguanamine and 0.1 part by weight of dilauryl 
thiodipropionate by a Henschel mixer. Afterward, the mixture was fed to a twin-screw extruder equipped with a 20-mm 
vent sealed with nitrogen, and kneading and reaction were then carried out under such conditions that the mixture was 
allowed to reside at 280°C for 10 minutes, followed by pelletizing. 

The resulting pellets were dissolved in hot xylol, and the solution was then filtered through a membrane filter (pore 
diameter =1.0 jim) . To the filtrate, methyl cellosolve was poured, and the deposited precipitate was collected by filtration, 
sufficiently washed with methyl cellosolve, and then dried under reduced pressured to obtain a white solid. As a result 
of the analysis of this solid, it was apparent that the solid was a modified polyethylene resin to which 9.1 wt% of a 4,6- 
diamino-1 ,3,5-triazine skeleton was bonded. The results of the elemental analysis of this solid were as follows. 



Elemental analysis 
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Found: 


80.9% 


13.3% 


5.8% 



Example 18 

Preparation of modified polyethylene resin: 

100 parts by weight of a polyethylene resin (trade name HIZEX 6200BR made by Mitsui Petrochemical Industries. 
Ltd.) was sufficiently mixed with 5 parts by weight of a reaction product of 5-norbornene-2-carbonyl chloride and benzyl 
alcohol (1/1 molar ratio) and 0.1 part by weight of dilauryl thiodipropionate by a Henschel mixer. Afterward, the mixture 
was fed to a twin-screw extruder equipped with a 20-mm vent sealed with nitrogen, and kneading and reaction were 
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XSnT Undef SUCh C ° ndrti0 ' 1S ^ ^ ™ «» res.de at 260'C for ,0 minutes, fol.owed by 

cienfly washed with m-cresol. and .hen WaS C0 ' ,eCted by ,i,tration ' suf,i " 

absorptton spectrum analysis orTs sc^ 1 2l^J!S^ 0bto 3 ^ ^ 3 reSU,t of the ^ 
ester bond and a phenyl skeleton * S °' ,d was a modrfied PO'V^hylene resin having an 



Example 19 

Preparation of modified polyethylene resin: 



1 00 parts by weight of a polyethylene resin (trade name HIZEX fi?nriRP k - o 
Ltd., was sufficiently mixed with 5 parts by weight of a region rfrn^S Jf< 1 ^ Pe,rochemical "ndustries. 

ciently washed with m-cresol and LnTju^ T 1 Preapite,e was collected «V filtration, suffi- 

a^P«on spectrum an^ 

amide bond and a phenyl skeleton. ^ 6 S °' ,d W3S a modl,,ed Polyethylene resin having an 

25 Example ?fi 

Preparation of modified polyethylene resin: 



Example 21 

Preparation of modified paraffin wax: 



45 



50 



equipped with a vent, a stirrer anda^ter 1 a Slf " '^propionate were fed to a 500-ml autoclave 
out at an inside temperature of 25oS for ™ ^ 

resinous materia. ZSZZ as a reason mi2e St ' mn9 ^ ° f the ™*»- ,he 

(P Jd~^' ZHS£ lt,t,r 0| and ^ S °' Ufi0n W3S ^ *- a membrane filter 

separation. This ^^Z^ZTZ^JT^^^^ and » e re »™* materia, was collected bv 
to obtain a white sowTa rel,^ 

to which 4. 7 wt% of a 4J^J^!ti^^^ tZarr* ** ^ S0 ' id W3S 3 m0dified P araffi " 
were as follows * Ske,6t0n W3S bonded The results of *e elemental analysis of this solid 



Elemental analysis 




C 


H 


N 


Found: 


83.2% 
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Example 22 

Preparation of EP-modified polypropylene resin: 

100 parts by weight of the pellets of a modified polypropylene resin obtained by the procedure of Example 1 and 
20 parts by weight of an epoxy resin (trade name Epicoat #1009, made by Yuka Shell Epoxy Co., Ltd.) were sufficiently 
mixed by a mixer. Afterward, the mixture was fed to a twin-screw extruder equipped with a 20-mm vent sealed with 
nitrogen, and kneading and reaction were then carried out under such conditions that the mixture was allowed to reside 
at 260°C for 10 minutes, followed by pelletizing. 

The resulting pellets were dissolved in hot xylol, and the solution was then filtered through a membrane filter (pore 
diameter = 1 .0 fim) To the filtrate, methyl cellosolve was poured, and the deposited precipitate was collected by filtration, 
sufficiently washed with methyl cellosolve. and then dried under reduced pressure to obtain a white solid. As a result of 
the analysis of this solid, it was apparent that the solid was an EP-modified polypropylene resin having a bisphenol A 
skeleton. The results of the elemental analysis and infrared absorption spectrum analysis of this solid were as follows. 



Elemental analysis 
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Found: 


82.2% 


13.0% 


2.7% 



Infrared absorption spectrum analysis 
Phenyl ring-based absorption 1603. 1500 crrTi 

Example 23 

Preparation of EP-modified EP rubber: 

100 parts by weight of a kneaded material of a modified EP rubber obtained by the procedure of Example 10 and 
1 0 parts by weight of an epoxy resin (trade name Epicoat #1004. made by Yuka Shell Epoxy Co.. Ltd.) were sufficiently 
mixed by a mixer. Afterward, the mixture was fed to a kneader type extruder equipped with a 20-mm vent sealed with 
nitrogen, and kneading and reaction were then carried out under such conditions that the mixture was allowed to reside 
at 230°C for 30 minutes. Next, the kneaded material was taken out. 

This kneaded material was dissolved in hot xylol, and the solution was then filtered through a membrane filter (pore 
diameter = 1.0 urn). To the filtrate, methyl cellosolve was poured, and the resulting resinous material was collected by 
separation. This treating operation was repeated twice, and the resinous material was then dried under reduced pressure 
to obtain a white solid. As a result of the analysis of this solid, it was apparent that the solid was an EP-modified EP 
rubber having a bisphenol A skeleton. The results of the elemental analysis and infrared absorption spectrum analysis 
of this solid were as follows. 



Elemental analysis 




C 


H 


N 


Found: 


82.8% 


13.3% 


2.6% 



Infrared absorption spectrum analysis 
Phenyl ring-based absorption 1603, 1501 cm"i 

Example 24 

Preparation of EP-modified PP wax: 

100 parts by weight of a kneaded material of a modified PP wax obtained by the procedure of Example 1 1 and 20 
parts by weight of an epoxy resin (trade name Epicoat #1010. made by Yuka Shell Epoxy Co.. Ltd.) were sufficiently 
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mixed by a mixer. Afterward, the mixture was fed to a kneader type extruder equipped with a vent sealed with nitrogen, 
and kneading and reaction were carried out at 230°C for 20 minutes and the kneaded material was then taken out. 

This kneaded material was dissolved in hot xylol, and the solution was then filtered through a membrane filter (pore 
diameter = 1.0 fim). To the filtrate, methyl ethyl ketone was poured, and the resulting resinous material was collected 
by separation. This treating operation was repeated twice, and the resinous material was then dried under reduced 
pressure to obtain a white solid. As a result of the analysis of this solid, it was apparent that the solid was an EP-modif ied 
PP wax having a bisphenol A skeleton. The results of the elemental analysis and infrared absorption spectrum analysis 
of this solid were as follows. 



Elemental analysis 




C 


H 


N 


Found: 


80.7% 


12.5% 


5.0% 



Infrared absorption spectrum analysis 

Phenyl ring-based absorption 1 601 . 1 500 cm"i 

20 

Example 25 

Preparation of EP-modified polyethylene resin: 

25 1 00 parts by weight of the pellets of a modified polyethylene resin obtained by the procedure of Example 4 and 1 0 
parts by weight of p-benzylphenyl glycidyl ether were sufficiently mixed by a mixer. Afterward, the mixture was fed to a 
twin-screw extruder equipped with a 20-mm vent sealed with nitrogen, and kneading and reaction were then carried out 
under such conditions that the mixture was allowed to reside at 230°C for 20 minutes, followed by pelletizing. . - 
The resulting pellets were dissolved in hot xylol, and the solution was then filtered through a membrane^filter (pore 

so diameter = 1 .0 jim). To the filtrate, methyl cellosolve was poured, and the deposited precipitate was collected by filtration, 
sufficiently washed with methyl cellosolve. and then dried under reduced pressure to obtain a white solid. As a result of 
the analysis of this solid, it was apparent that the solid was an EP-modified polyethylene resin having a phenyl skeleton. 
The results of the elemental analysis and infrared absorption spectrum analysis of this solid were as follows. 
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Elemental analysis 




C 


H 


N 


Found: 


79.8% 


12.6% 


6.7% 



Infrared absorption spectrum analysis 

Phenyl ring-based absorption 1600. 1502 cm~i 

45 

Example 26 

Preparation of EP-modified polypropylene resin: 

so 100 parts by weight of the pellets of a modified polypropylene resin obtained by the procedure of Example 1 and 
20 parts by weight of the pellets of an epoxidized polyphenyleneether resin obtained by the procedure of Reference 
Example 4 were sufficiently mixed by a mixer. Afterward, the mixture was fed to a twin-screw extruder equipped with a 
20-mm vent sealed with nitrogen, and kneading and reaction were then carried out under such conditions that the mixture 
was allowed to reside at 280°C for 10 minutes, followed by pelletizing. 

55 The resulting pellets were dissolved in hot xylol, and the solution was then filtered through a membrane filter (pore 
diameter = 1.0 fim). To the filtrate, chloroform was poured, and the deposited precipitate was collected by filtration, 
sufficiently washed with chloroform, and then dried under reduced pressure to obtain a solid. Next, this solid was dis- 
solved in hot xylol again, and methyl cellosolve was poured thereto. The deposited precipitate was collected by filtration, 
followed by the same treatment as described above, to obtain a solid. As a result of the analysis of this solid, it was 
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apparent that the solid was an EP-modif ied polypropylene resin having a polypheny! en eether resin skeleton. The results 
of the elemental analysis of this solid were as follows. 



Elemental analysis 




C 


H 


N 


Found: 


82,8% 


13.0% 


2.8% 



Example 27 

A polypropylene resin composition consisting of 99 parts by weight of a modified polypropylene resin obtained by 
the procedure of Example 2, 0.6 part by weight of dilauryl thiodipropionate and 0.4 part by-weight of pentaerythrityi- 
tetrakis[3-(3,5-di-t-butyl*4-hydroxyphenyl) propionate] was kneaded at 210°C for 6 minutes by a mixing roll, and then 
kneaded and pelletized by an extruder. The resulting pellets were molded by an injection molding machine to prepare 
test pieces for flammability determination having a thickness of 1/16 inch. 

By the use of these test pieces, a test was conducted in accordance with the vertical flammability testing method 
specified under Subject 94 of Underwriters Laboratories Inc.. U.S.A. As a result, the flammability of these test pieces 
was found to be Level V-1 . No melt dripped during combustion and each burnt test piece retained its original shape well. 
The above-mentioned polypropylene resin composition therefore had excellent flame retardancy. 

Example 28 

In accordance with the same procedure as in Example 27, test pieces were prepared from a polypropylene resin 
composition consisting of 80 parts by weight of the pellets of a modified polypropylene resin obtained by the procedure 
of Example 1.19 parts by weight of ammonium polyphosphate (trade name Exolit 422, made by Hoechst A.G.). 0.6 part 
by weight of dilauryl thiodipropionate and 0.4 part by weight of pentaerythrityl-tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl) 
propionate]. 

For these test pieces, a flammability test was conducted by the same procedure as in Example 27. As a result, the 
flammability of these test pieces was found to be Level V-0 and each burnt test piece retained its original shape well. In 
addition, it was understood that the simultaneous use of the modified polypropylene resin regarding the present invention 
and phosphoruses could exert a synergistic effect, whereby the flammability could be further improved. The above- 
mentioned polypropylene resin composition therefore had excellent flame retardancy. 

Examples 29 to 32 

A polyethylene resin composition consisting of 85 parts by weight of the pellets of a modified polyethylene resin 
obtained by the procedure of Example 4 and 15 parts by weight of each phosphoruses shown in Table 2 was kneaded 
at 180°C for 6 minutes by a mixing roll, and the thus kneaded material was then pelletized by an extruder. In accordance 
with the same procedure as in Example 27, test pieces for flammability determination were prepared from the obtained 
pellets, and a test was then conducted. The results are shown in Table 2. 

As shown in Table 2, it was understood that the simultaneous use of the modified polyethylene resin regarding the 
present invention and the phosphoruses could further improve the flammability and was excellent in flame retardancy. 



Table 2 



Example 


Kind of Phosphoruses 


Flame Retardancy 






Level of UL Standard 94 


Melt Dripping 


29 


2-ethylhexyldiphenyl phosphate 


V-0 


None 


30 . 


Tris(tridecyl)phosphite 


V-1 


None 


31 


Diethyl N.N-bis(2-hydroxyethyl)aminomethylphosphonate 


V-1 


None 


32 


Ethylenebistris(2-cyanoethyl)phosphtn oxide 


V-1 


None 



EP 0 698 620 A1 

Example 33 



The pellets of a modified polyamide resin obtained by the procedure of Example 8 were molded by an injection 
molding machine to prepare test pieces for flammability determination having a thickness of 1/16 inch 

For 'these test pieces, a flammability test was conducted by the same procedure as in Example 27. As a result the 
flammabrfrty of these test pieces was found to be Level V-l and their char formability was excellent, and each burnt test 
piece retained its original shape well. In consequence, it was apparent that the above-mentioned modified polyamide 
resin had excellent flame retardancy. 

' Example ru 

»w thtT^r? 16 = COmp 1 OS * on listing of 96 parts by weight of the pellets of a modified polyamide resin obtained 
by the procedure of Example 8 and 4 parts by weight of isocyanuric acid was sufficiently mixed by a mixer and the 
mixture was then kneaded and pelletized by an extruder in which a cylinder temperature was set to 260«C The thuJ 
^WM^^^T TJTeT JST*^ " inj * ctio " nnactune to larapar. test pieces for fflammafcriKty cleterwnina^on taving 

..^.f.'f p f e f ' a flam ™biWy test was conducted by the same procedure as in Example 27. As a result the 

S S T T TZT* WaS foUnd 10 bS L?Ve ' V -° ■ nd each *«* tesl P jece retain * its original shape well In 
addition, rt was understood that the simultaneous use of the modified polyamide resin regarding the present invention 

m^o^ ya , nUnC f d C ° Uld 6Xert 3 Syn6r9iS,iC 6f,eCt ' Whereby ,he "Ability couW be furtheNmproved. The above 
mentioned polyamide resin composition therefore had excellent flame retardancy. 

Example 3S 

A polyester resin composition consisting of 93 parts by weight of the pellets of a modified polyester resin obtained 

mixer e a P n r d1h1 Ure ; ? *"* » * «^*»*»***0 isocyanurate was'suff iciently mixS £l 

^ an dthem,xture was then kneaded and pelletized by an extruder in which a cylinder temperature was set to 280»C 

na^ha^^^ 

n^l^VT Pi f 6 f ' 3 ,lammabllity test conducted by the same procedure as in Example 27. As Result the 

? h 6 W3S ^ ,0 06 L6Vel V "° and each ■»"» test P iece ^original shape we'll In 

add,t,on. „ was understood that the simuttaneous use of the modified polyester resin regarding the prevention 

mentioned polyester resin composition therefore had excellent flame retardancy. 
Example 3B 

30 parts by weight of an EP-modified PP wax obtained by the procedure of Example 24 and 5 parts by weight of 
f;; iC f; W ,irs < mixed * a h * <° P-* by weigh, of an epoxy resin Zde name Ep^oat #8 2 7made 

by Yuka Shell Epoxy Co.. Ltd., and 25 parts by weight of methylhexahydrophtha.ic anhkiride were added thereto S 

1^,2^^^ r °" ,0 ° btain ^ W r69n COmpOSiti0n - Afterward " « his com Posrtion was pour* fnto 
a casting plate and then cured to prepare test p.eces for flammability determination having a thickness of 1/16 inch 

f i» JSiJJ? S6 !T P,eCeS ' 3 ,lammabili, y test was oo^ucted by the same procedure as in Example 27. As a result the 
flammaNity of th*e test pieces was found to be Level V-0 and each burnt test piece retained its original shaS " 
As shown ,n Examples 34 to 36. i, could been understood that the flame-retarding method of the resinsTegarding 
thepresent .nvention c^uld provide the excellent flame retardancy in varies kinds of resins s^^ 
reoalrr 9 T* *" *" em P ,oyment °f the each mcdtfied resin and/or the EpSSS 

regarding the present .nvent.on and each of an isocyanuric acid or a cyanuric acid could exert a syneraistfceflW 
whereby the flammability could be further improved. synergistic effect. 

Example 37 

m* A f 0l ^ en y |eneetner resin composition consisting of 45 parts by weight of a modified polyphenyleneether resin 

tlmZSLl ri 7!? V 3 ,S0Cyanur,c ackJ and 15 by weight of ammonium polyphosphate (trade name 
Exolrt 422. made by Hoechst A.G.) was mixed by a Henschel mixer, and the mixture was then kneaded and pelletized 

SbZSS^ , ^ ,HUS fofmed Pe " etS ^ m ° Wed by " i "» ection to pre£S teSpieces S 

flammabilrty determination having a thickness of 1/16 inch. 
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For these test pieces, a flammability test was conducted by the same procedure as in Example 27. As a result, the 
flammability of these test pieces was found to be Level V-0 and each burnt test piece retained its original shape well. 
The above-mentioned polyphenyleneether resin composition therefore had excellent flame retardancy. 

5 Example 38 

Kneading and reaction were carried out by the same procedure as in Example 5 except that 1 0 parts by weight of 
norbornenecarboguanamine in Example 5 was replaced with 20 parts by weight of the same, followed by pelletizing. to 
obtain a modified polyphenyleneether resin. Furthermore, kneading and reaction were carried out by the same procedure 
to as in Example 6 except that 5 parts by weight of norbornenecarboguanamine in Example 6 was replaced with 15 parts 
by weight of the same. Next, the reaction product was pelletized to obtain a modified polystyrene resin. 

A polystyrene resin composition comprising 20 parts by weight of this modified polyphenyleneether resin, 67 parts 
by weight of this modified polystyrene resin, 9 parts by weight of triphenyl phosphate and 4 parts by weight of ammonium 
sulfate was sufficiently mixed by a mixer, and the mixture was then kneaded and pelletized by an extruder in which a 
is cylinder temperature was set to 250 °C. The thus formed pellets were molded by an injection molding machine to prepare 
test pieces for flammability determination having a thickness of 1/16 inch. 

For these test pieces, a flammability test was conducted by the same procedure as in Example 27. As a result, the 
flammability of these test pieces was found to be Level V-0 and each burnt test piece retained its original shape well. 
The above-mentioned polystyrene resin composition therefore had excellent flame retardancy 

JO 

Examples 39 to 47 

A polypropylene resin composition comprising 78 parts by weight of a modified polypropylene resin obtained by the 

procedure of Example 1,18 parts by weight of ammonium polyphosphate (trade name Exolit 422, made by Hoechst 
25 A.G.), 3 parts by weight of an amino group-containing compound shown in Table 3, 0.6 part by weight of dilauryl thiodi- 

propionate and 0.4 part by weight of pentaerythrityl-tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate] was treated 

and tested in the same procedure as in Example 27. The results are shown in Table 3. 

As shown in Table 3, it could be understood that according to the flame-retarding method of the resins regarding 

the present invention, compositions comprising the modified resins regarding the present invention were extremely excel- 
30 lent in self-extinguishing properties, and the burnt test pieces of the compositions could retain their original shape well. 

Furthermore, the simultaneous employment of each modified resin, at least one of phosphoruses and at least one of 

amino group-containing compounds could exert the synergistic effect, whereby the flammability could be further 

improved. 



Table 3 



50 



Example 


Amino group-containing compound 


Flame Retardancy 






Level of UL Standard 94 


Melt Dripping 


39 


N,N-bis(2-aminoethyl)piperazine 


V-0 


None 


40 


N-(2-aminoethyl)morpholine 


V-0 


None 


41 


N-(2-aminoethyl)piperidine 


V-0 


None 


42 


Dicyandiamide 


V-0 


None 


43 


Guanidine phosphate 


V-0 


None 


44 


Reaction product of ethylenediamine- 
formaldehyde (1/2 molar ratio) 


V-0 


None 


45 


Reaction product of piperazine-formal- 
dehyde (1/2 molar ratio) 


V-0 


None 


46 


Pentamethylenehexamine 


V-0 


None 


47 


Penta ethyl eneh examine 


V-0 


None 



97 



25 
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Example 48 

Thermal stability test of modified polyphenyleneether resin: 

5 For a modified polyphenyleneether resin obtained by the procedure of Example 5. thermogravimetric analysis fTGi 

of 3 J ^ was a «4T ratUfe fiSe °' 1 °' C/min i0 a " atmOSphere - * a resu,t - temperature at a ™rS2S ratb 
On the other hand, for a raw material polyphenyleneether resin used in Example 5 the thermoqravimetric analvsh 

» rw^?^ 

Example 49 

Thermal stability test of modified polystyrene resin; 

15 

unZl a P? yS,yrene fesin 0btained * the Procedure of Example 6. thermogravimetric analysis was made 

""J °^ er hand ' for a «*» mater| a< Polystyrene resin used in Example 6. the thermogravimetric analysis was 

Example SO 

Thermal stability test of modified polymethacrylic resin: 

..mil* m0dified P°' ymethacr y |ic resin ob «a in ed by the procedure of Example 9. thermogravimetric analysis was made 
under the same cond.t.ons as ,n Example 48. As a result, the temperature at a mass redurion ratio 
«J? I? °T hand< ^ 3 f3W materi3 ' P°» a "Wic resin used in Example 9. the thermograv^et^ £££ 
so ^ZlT^r™ COnd *° nS aSdeSCrib6d abW6 - ^ 35 3 feSUlt *» *mperature a, • ™<* rZSST 5 . 

Example 51 

Thermal stability test of modified polypropylene resin: 

For a modified polypropylene resin obtained by the procedure of Example 1 , thermogravimetric analysis was mate 
O the^eS^ 

" .J 6 °£ er hand ' for a raw material Polypropylene resin used in Example 1. the thermogravimetric analysis was 

Example 52 

Thermal stability test of modified polyethylene resin: 

As described in Examples 48 to 52. in the modified resins regarding the present invention the temperature at a 
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55 
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Example 53 

Thermal stability test of modified polypheny teneether resin: 

The pellets of a modified polyphenyleneether resin obtained by the procedure of Example 5 were dissolved in chlo- 
roform, and the chloroform solution was then filtered through a membrane filter (pore diameter = 1 .0 jim) to obtain a 
chloroform-insoluble solid. Next, this chloroform-insoluble matter was poured into hot methyl cellosolve. and the solution 
was similarly filtered to obtain an insoluble solid. Afterward, this insoluble solid was dried under reduced pressure, and 
the weight of the dried solid was then measured. As a result, the content of the insoluble solid was 0.05 wt% based on 
the weight of the modified polyphenyleneether resin. 

Furthermore, an unkneaded raw material polyphenyleneether resin used in Example 5 was treated in the same 
manner as described above, and as a result, the content of the insoluble solid was 0.03 wt% based on the weight of the 
resin. 

As described above, the insoluble solid content of the modified polyphenyleneether resin regarding the present 
invention was very low even after kneading and molding under heating at a high temperature and was substantially equal 
to that of the raw material resin before the kneading. The above-mentioned polyphenyleneether resin therefore was 
excellent in thermal stability at the kneading and molding/working. 

Comparative Example 4 

Thermal stability test of polyphenyleneether resin: 

Kneading was carried out by the same procedure as in Example 5 except that 10 parts by weight of norbornene- 
carboguanamine in Example 5 was not used, followed by pelletizing. 

The pellets were treated in the same manner as in Example 53, and the weight of an insoluble solid was then 
measured. As a result, the content of the insoluble solid was 4.61 % by weight based on the weight of the kneaded resin. 

As described above, in the unmodified polyphenyleneether resin, the content of the insoluble solid remarkably 
increased with molding/working, and therefore the resin was poor in thermal stability and the molding/working and the 
like were noticeably limited. 

Example 54 

Thermal stability test of polyphenyleneether resin: 

A polyphenyleneether resin composition comprising a polyphenyleneether resin consisting of 42 parts by weight of 
poly-2.6-dimethyl-1,4-phenylene ether component in which an intrinsic viscosity [x]] was 0.58, 52 parts by weight of a 
modified polystyrene resin obtained by the procedure of Example 6 and 6 parts by weight of a hydrogenated SBS rubber 
component was mixed by a mixer, and molten, kneaded and then pelletized by a twin-screw extruder in which a cylinder 
temperature was set to 280°C. Next, the resulting pellets were molded into test pieces for Izod impact strength meas- 
urement having a thickness of 1/8 inch by an injection molding machine in which a cylinder temperature was set to 
280°C. These test pieces were allowed to stand for 200 hours in a hot air circulating thermostatic chamber set to 130°C 
to make an aging test. The Izod impact strength was measured before and after the aging test in accordance with ASTM 
D256, and the results are shown in Table 4. 

Comparative Example 5 

A treatment and a test were carried out by the same procedure as in Example 54 except that a modified polystyrene 
resin obtained by the procedure of Example 6 which was used in Example 54 was replaced with the same polystyrene 
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resin as described above polystyrene resin before modification. The results are shown in Table 4. 

Table 4 





Izod Impact Strength < Note 1 > ( 1 /S inch notched) (kg/cm/cm) 




Before Aging 


After Aging 


Example 54 
Comp. Ex. 5 


12.7 
12.6 


7.1 (56) 

5.2 (41) 



Note 1 : Each value in the parenthesis means a retention ratio (%) of the Izod 
impact strength after the aging to thai before the aging. 



15 

Examples 55 and 5fi 

Thermal stability test of polyphenyleneether resin: 

20 A treatment and a test were carried out by the same procedure as in Example 54 except that the following additive 
was added to a polyphenyleneether resin composition of Example 54. The results are shown in Table 5. 

Table 5 



25 





Additive 


Izod Impact Strength (1/8 inch notched) (kg/cm/cm) 




Kind 


Amount ( NotG 1 > 


Before Aging 


After Aging 


Ex. 55 


Triethyienetetramine 


0.2 


12.8 


9.2 (72) 


Ex. 56 


Tris(nonylphenyl) phosphite 


0.2 


12.7 


7.6 (60) v 

i 1 



30 



Note 1 : The amount was wt% based on the polyphenyleneether resin. 



35 Example 57 

Thermal stability test of polyethylene resin: 



40 



45 



50 



55 



A polyethylene resin composition comprising 94 parts by weight of a polyethylene resin (trade name HIZEX 6200BP, 
made by Mitsui Petrochemical Industries. Ltd.), 1 part by weight of a fine copper powder and 5 parts by weighfcof a 
modif.ed polyethylene resin obtained by the procedure of Example 4 was kneaded at 160°C for 6 minutes by a mixing 
roll, and then compression-molded at 150°C under 200 kg/cm2 for 5 minutes to obtain a sheet film. 

For this sheet film, an accelerated test of heat deterioration was made under an air atmosphere in a hot pack oven 
set to a temperature of 1 50°C. A point of time when the color of this test piece changed was regarded as a deterioration 
starting point, and on the basis of a time until this deterioration starting point, the thermal stability of the resin composition 
was judged. The results are shown in Table 6. 

Furthermore, a treatment and a test were carried out by the same procedure as described above except that 5 parts 
by weight of the modified polyethylene obtained by the procedure of Example 4 was not added to the above-mentioned 
polyethylene resm composition, and the results are shown as "Comparative Example 6" in Table 6. 

Table 6 





Period (days) till Start of Deterioration 


Example 57 
Comp. Ex. 6 


20 days or more 
1 day 
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Example 58 

Thermal stability test of polypropylene resin: 

s A polypropylene resin composition comprising 94 parts by weight of a polypropylene resin (trade name MITSUI 

NOBLEN JS-G, made by Mitsui Toatsu Chemicals, Inc.), 1 part by weight of a fine copper powder and 5 parts by weight 
of a modified polypropylene resin obtained by the procedure of Example 1 was kneaded at 210°C for 6 minutes by a 
mixing roll, and then compression-molded at 190°C under 200 kg/cm2 for 5 minutes to obtain a sheet film. 

For this sheet film, a treatment and a test were carried out by the same procedure as in Example 57, and the results 

w are shown in Table 7. 

Furthermore, a treatment and a test were carried out by the same procedure as described above except that 5 parts 
by weight of the modified polypropylene resin obtained by the procedure of Example 1 was not added to the above- 
mentioned polypropylene resin composition, and the results are shown as "Comparative Example 7" in Table 7. 



Table 7 





Period (days) till Start of Deterioration 


Example 58 
Comp. Ex. 7 


20 days or more 
1 day 



Example 59 

25 

Compatibilization test of binary resin composed of polyphenyleneether resin and polyamideimkje resin: 

80 parts by weight of modified polyphenyleneether resin pellets obtained by the procedure of Example 5 and 20 
parts by weight of a polyamideimide resin (trade name TORON 4203T, made of Amoko Co., Ltd.) were mixed by a 
30 Henschel mixer, and the mixture was molten, kneaded and then pelletized by a twin-screw extruder in which a cylinder 
temperature was set to 330°C. 

The thus obtained binary resin composition was observed by an electron microscope, and as a result, a resin melt 
had a sea-and-island structure in which spheres having a controlled diameter of about 2.7 fim were uniformly dispersed. 
Thus, the binary resin composition was excellent in compatibility. 

35 

Example 60 

Compatibilization test of binary resin composed of polyphenyleneether resin and EP rubber: 

io 70 parts by weight of modified polyphenyleneether resin pellets obtained by the procedure of Example 5 and 30 
parts by weight of a modified EP rubber obtained by the procedure of Example 10 were mixed by a Henschel mixer, and 
the mixture was molten, kneaded and then pelletized by a twin-screw extruder in which a cylinder temperature was set 

to 330°C. 

The thus obtained binary resin composition was observed by an electron microscope, and as a result, a resin melt 
45 had a sea-and-island structure in which spheres having a controlled diameter of about 1 .6 fim were uniformly dispersed. 
Thus, the binary resin composition was excellent in compatibility. 

Example 61 

50 Compatibilization test of tertiary resin composed of polyamide resin, polyphenyleneether resin and polystyrene resin: 

A resin composition comprising 45 parts by weight of modified polyphenyleneether resin pellets obtained by the 
procedure of Example 5. 50 parts by weight of a polystyrene resin and 5 parts by weight of a hydrogenated SBS rubber 
was mixed by a Henschel mixer, and the mixture was molten, kneaded and then pelletized by a twin-screw extruder in 
55 which a cylinder temperature was set to 300°C. After 50 parts by weight of the pellets was finely.ground. 50 parts by 
weight of a modified polyamide resin obtained by the procedure of Example 8 was added to the finely ground pellets, 
and this resin composition was then mixed by the Henschel mixer. Next, the mixture was molten, kneaded and then 
pelletized by a twin-screw extruder in which a cylinder temperature was set to 280*C. 
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had ™ h a US H° bt f t6r,iary rSSin com P° sition was <*>se™«* ^ an electron microscope, and as a result a resin melt 

?hl T,\T ^ WWCh SPh6reS havi " 9 3 COntr0 " ed diame,ef « 1 * ^m unSly ^dispersi 

Thus, the ternary res.n composition was excellent in compatibility. , unirarmiy dispersed. 

5 Example 62 

Compatibilization test of binary resin composed of polyphenyleneether resin and polypropylene resin: 

80 parts by weight of poly-a.e^imethyl-L^phenyleneether in which an intrinsic viscosity fnl was 0 42 and 20 Darts 
SLTT 3n E P 7 rt 5 d POlypro ^ ,ene resin ^ the procedure of Example 26 we e^ by ^mSr aS 

The thus obtained binary resin composition was observed bv an electron mirmcr^ o«w ^ 
had a sea-and.is.and structure in which spheres having a ooioW^SS^^ „? T" ^ 
5 Thus, the binary resin composition was excellent in compatibility uM y Versed. 

Example 63 

Compatibilization test of binary resin composed of saturated polyester resin and polypropylene resin: 
weiow oTa^!?^ 0 ' 3 T*" POly6Ster ^ (T6ijin PBT Resin TRB " H ' made b V Limited) and 20 parts by 

Thus, the binary resin composition was excellent in compatibility. uniformly dispersed. 

Example 64 



30 



! resin: - 



Compatibilization test of binary resin composed of polyamide resin and polypropylene . 

70 parts by weight of a polyamide resin (Toyobo Nylon T-802 made bv Tovobo Cn im\ sn • u. < 

polypropylene resin (trade name MITSUI NOBLEN JS-G made bv Mtsui 7^°^ ^ ' ? ^ by ""^ °' * 

Example 65 

boguanamine-formaldehvrip rnnHonca+a 



50 



55 
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Example 66 

Compatibilization test of binary resin composed of polyamide resin and polypropylene resin: 

5 70 parts by weight of a polyamide resin (Toyobo Nylon T-802. made by Toyobo Co.. Ltd.) and 30 parts by weight of 

EP-modified polypropylene resin pellets obtained by the procedure of Example 22 were mixed by a Henschel mixer, and 
the mixture was molten, kneaded and then pelletized by a twin-screw extruder in which a cylinder temperature was set 

to 220°C. 

The thus obtained binary resin composition was observed by an electron microscope, and as a result, a resin melt 
w had a sea-and-island structure in which spheres having a controlled diameter of about 1 1 urn were uniformly dispersed. 
Thus, the binary resin composition was excellent in compatibility. 

Example 67 




is Compatibilization test of binary resin composed of polystyrene resin and polyethylene resin: 

80 parts by weight of a polystyrene resin (Topolex 570-02, made by Mitsui Toatsu Chemicals, Inc.) and 20 parts by 
weight of EP-modified polyethylene resin pellets obtained by the procedure of Example 25 were mixed by a Henschel 
mixer, and the mixture was molten, kneaded and then pelletized by a twin-screw extruder in which a cylinder temperature 

was set to 230°C. 

The thus obtained binary resin composition was observed by an electron microscope, and as a result, a resin melt 
had a sea-and-island structure in which spheres having a controlled diameter of about 2.7 urn were uniformly dispersed. 
Thus, the binary resin composition was excellent in compatibility. 

As described in Examples 66 and 67, it was understood that in the compatibilization method of the resins regarding 
25 the present invention, the employment of the EP modified resins of the present invention could remarkably improve the 
compatibilization between the different kinds of resins. 

Comparative Example 8 

30 A treatment was carried out by the same procedure as in Example 66 except that EP-modified polypropylene resin 
pellets obtained by the procedure of Example 22 which was used in Example 66 were replaced with a polypropylene 
resin (trade name MITSUI NOBLE N JS-G. made by Mitsui Toatsu Chemicals, Inc.), thereby obtaining pelletized resin 

composition. 

The thus obtained resin composition was observed by an electron microscope, and as a result, a resin melt had a 
35 sea-and-island structure, but in this structure, there were spherical and elliptical particles having uncontrolled diameters 
in a wide range of from 5 to 100 urn. Thus, this resin composition was extremely poor in compatibility. 

Example 68 

40 Surface wettability test of modified polypropylene resin: 

Polypropylene resin pellets obtained by the procedure of Example 1 were dissolved in hot xylol, and the solution 
was then filtered through a membrane filter (pore diameter = 1.0fim). To the filtrate, methyl cellosolve was poured, and 
the deposited precipitate was collected by filtration, sufficiently washed with methyl cellosolve. and then dried under 

45 reduced pressure to obtain a white solid. Next, this solid was press-molded at a temperature of 220°C under a press 
pressure of 50 kg/cm2 for 5 minutes to obtain a molded plate having a thickness of 1 mm. 

A surface wettability test was carried out by the use of this molded plate. That is to say. a wet index standard liquid 
for a wettability test (made by WAKO Pure Chemical Industries) was applied in a belt form on the molded plate by a 
cotton swab. As a result, it was apparent that when the standard liquid of 36 dyne/cm (23±2°C) was applied thereonto. 

so the original belt form of the liquid was maintained, and in other words, the surface kept wet. even after a certain time 
had elapsed. 

On the other hand, another molded plate was prepared under the same condition as described above from raw 
material polypropylene resin pellets used in Example 1. By the use of this molded plate, a surface wettability test was 
carried out in a manner similar to the above, and as a result, it was apparent that when a standard liquid of 32 dyne/cm 
55 (23±2°C) was applied thereonto. the liquid immediately became the form of a ball, and in other words, the surface did 
not wet at all. 

As described above, the modified polypropylene resin regarding the present invention was much more excellent in 
surface wettability as compared with the unmodified polypropylene resin. 
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Surface wettability test of polypropylene resin composition: 

10 mmutes. followed by pelletizing. to obtain a polypropylene resin composition ° 
'° «... ! l m0,ded P ' ate W3S Pfepared from the pe,,ets in a ""a""* simi| a' »° Example 68 and by the use of this mnHoH 

Sr^SH-SS^tassS: 

's Example 69 

Coating properties test of modified polypropylene resin composition: 

Example 70 • -~ 

Coating properties test of modified polypropylene resin composition: 

resin (trade rame MITSUI noblen i,71h.k ? Ct.wr.cals. ha). 22 parts by weight ol a pdyprcwlene 
Comparative Examp le m 

Coating properties test of polypropylene resin composition 
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Example 71 

80 parts by weight of an EP-modified polypropylene resin pellets obtained by the procedure of Example 22 and 20 
parts by weight of an EP-modified EP rubber obtained by the procedure of Example 23 were sufficiently mixed by a 
mixer, and the mixture was kneaded and then pelletized by a twin-screw extruder in which a cylinder temperature was 
set to 240°C. The pellets were molded by an injection molding machine to prepare a test plate for coating having a 
thickness of 1/8 inch. 

This test plate was coated with an urethane coating material (trade name Orester M83-42CX, made by Mitsui Toatsu 
Chemicals, Inc.) so that film thickness might be 24 fim. and the coating material was then cured at 80°C for 5 hours. 

In the coating film on the coated test plate, cissing, blister and the like were not observed, and in an adhesion test 
(a tape peeling test on a grid pattern), the coating film was not peeled at ail, and therefore the coating properties of the 
test plate were extremely good. 

Example 72 

80 parts by weight of modified polyethylene resin pellets obtained by the procedure of Example 4 and 20 parts by 
weight of a modified EP rubber obtained by the procedure of Example 10 were sufficiently mixed by a mixer, and the 
mixture was kneaded and then pelletized by a twin-screw extruder in which a cylinder temperature was set to 250°C. 
The pellets were molded by an injection molding machine to prepare a test piece for tensile shear strength measurement 
having a thickness of 1/8 inch. 

Next, the test piece was caused to adhere to an iron metal test piece at 100°C for 24 hours by the use of an adhesive 
composition prepared by mixing 50 parts by weight of an epoxy resin (trade name Konishi Bond Quick Mender, made 
by Konishi Co., Ltd.) and 50 parts by weight of a curing agent to prepare a specimen based upon JIS K 6850. 

The tensile shear strength of this specimen was measured in accordance with JIS K 6850. and as a result, it was 
41 Kgf/cm2. Thus, the test piece was excellent in adhesive properties. 

Example 73 

EP-modified polypropylene resin pellets obtained by the procedure of Example 22 were molded by an injection 
molding machine in which a cylinder temperature was set to 240°C to prepare a test piece for tensile shear strength 
measurement having a thickness of 1/8 inch. 

Next, from this test piece, a specimen was prepared by the same procedure as in Example 72. and the tensile shear 
strength was then measured. As a result, it was 87 Kgf/cm 2 , and therefore the specimen was excellent in adhesive 
properties. 

On the other hand, another specimen was prepared by the same procedure as described above except that an 
original polypropylene resin which did not undergo the above-mentioned modification/EP modification was used, and 
the tensile shear strength was then measured. As a result, it was 8 Kgf/cm2, and therefore the specimen was extremely 
poor in adhesive properties. 

As shown in Examples 69 to 73, it was apparent that according to the surface modification method of the resins 
regarding the present invention, surface properties such as coating properties and adhesive properties could be 
improved by the use of the modified/EP-modified resins of the present invention. 

Example 74 

Surface modification test of polypropylene resin: 

A molded plate of a modified polypropylene resin obtained by the procedure of Example 68 was coated and reacted 
with phenyltrichlorosilane as a silane coupling agent at room temperature for 1 hour under a nitrogen atmosphere. Next, 
the surface of this coated molded plate was washed with toluene, and then dried with hot air. 

For this coated molded plate, X-ray emission spectrochemical analysis (ESCAj was carried out. and as a result, it 
was apparent that the Si^C! s spectrum of the surface of the molded plate was remarkably large, which meant that the 
surface of the molded plate was modified. 

Example 75 

Dyeability test of modified polypropylene resin: 

Modified polypropylene resin pellets obtained by the procedure of Example 1 were dissolved in hot xylol, and the 
solution was then filtered through a membrane filter (pore diameter = 1.0 ^im). To the filtrate, methyl cellosolve was 
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IT PreC ' P W3S C0 ' ,eCted b/ ,i,,ra,i0a Sut,idently washed andr-then 
SSST ^ PreSSUfe t0 ° b,ain 3 M N6Xt - ,WS SO,kl was at a resi " temperature of 250'C for a 
residence t.me of 10 minutes at a winding rate of 500 nVmin and then stretched to obtain the fiber of the res^ 

^JlTJTJ^al'^Z^ 31 9000 for 60 minutes in a ^ rati0 of 1 40 in a 5% solution of an add dye (trade 
Z7 b TZT, fl L rlT e by f Sumi,0m ° Chemical °° • Ud ) a ^sted to pH 5 with 30% acetic acid, thereby S 
the fiber. The thus dyed fiber was further subjected to a soaping treatment in 2 g/l solution of Emarl Powder 40 (trade 

T^e^abi.^ .hi? ^ r nUt6S " 3 b3,h ra,i ° °* 1 :3 °- «^ « <* eabili * — oT 
The dyeability of th.s fiber obtained from the modified polypropylene resin was judged by the naked eye and as a 
result, rt was apparent that the dyeability was remarkably improved. 

Comparative Example 1 1 
Dyeability test of polypropylene resin: 

DrO r^,^% Pr0C T? t 'I EXamP ' e 75 W3S Ca " ied ° Ut 6XCept that a modified Po'VPrapylene resin obtained by the 

namf^ t<°. . *5S? cj 2? " Examp ' e 75 WaS rep,aced "* a raw ™teria7po.ypropy.ene resin Sade 

ofT r« ^ h i?,^ M by MitSUi ToatSU Chemica,S ' ,nc ■> «* in 1 ■ ^eby Gaining meSr 

of the resin, and the dyeability test of the fiber was then made ««<*n.ng me iioer 

Example 76 

inr > 8 ; Pa ^K Wei9h, °!^ Toatsu Chemicals 

r2 V T 6 ' 9 ' ? l m0drf,ed PP W3X ° btained by ,he procedure °< Example 1 1 and 8 parts by weight oM I 

,oniw^rj n °" S H T ; y,)Cyd ° heXane W6fe fSd tQ 3 in which a c ^r temperature was S to 1 J-C 

followed by kneading, to obtain a solid resin. This solid resin was coarsely ground by a coarse grinder and then ineTv 

l£i T , 3S ,? P ° Wdery reSi " """P 08 **" for «»**■ N ext. a steel plate chemically treated witS ph^ate 
SJSnSi 00-- 80 ^ 3 fi ' m ,hiCkn6SS ^ bS ^ 50 " m - and then ^ to a ^St It 

the nak^ 9 ^ ^TlSf? Ste i p,a,e ^ ected t0 th * "eat treatment was exceHent in smoothness (judged by 
h! T? » SUffaCe 0< COatin9 ,ilm was rubbed 50 « mes *»» a cloth containing n-butanol 

^sss :s EnCL^s* 0 "* in a ? adhesion ,est (a tape pee,ing ,est °° a ** ^^s^i 

was not peeled, and therefore the resin composition was excellent in coating properties. 
Example 77 

85 parts by wight of an epoxy resin (trade name Epoky 815. made by Mitsui Toatsu Chemicals Inc ) and 15 parts 
by weight of an EP-modif ied PP wax obtained by the procedure of Example 22 were sufficU^Sbyl m^er to • 

COat !^ fi ' m °" the C ° ated S,eel P ' a,e Was exce,,ent in smoothness (judged by the naked eye) and even when 

n a S?o C „ e 6 r t,nQ ' i,m W3S fUbbed 50 timeS With 3 doth " bJanol. the coatogl m 4s nZeeS 

n addition. ,n an adhes.on test (a tape pee.ing test on a grid pattern, . the coating film was not peeVanTmeXe *e 
resin composition was excellent in coating properties. meretore the 

As described in Examples 76 and 77. it could be understood that by using the modified resin and th* fp mrvWi^ 

C SZ T ^ invention in * e resin composrtions for coatin 9 of *• P^^^Si^o^SS! 

coating f dm smoothness, adhesive properties and the like could be improved. 9 propert.es such as 

Example 78 

30 parts by weight of a modified polypropylene resin pellets obtained by the procedure of Examnio * in nart c h„ 

T i,ied L p rubber ^ by ,he procedure of Exam p |e 1 ° and « SSo^^S^?K£ 

^^SS^^ 11 , W6re SUf,idenay miX6d ^ 3 miX6f ' ^ the wasSe^ a rTn 

fora^al£.Ve ° y 
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This resin composition was applied onto a test plate of a polypropylene resin (trade name MITSUI NOBLEN JS-G. 
made by Mitsui Toatsu Chemicals, Inc.) having a thickness of 1/8 inch and a metallic test plate made of aluminum by 
means of a spray gun for a hot melt set to 180°C. thereby preparing a specimen based on JIS K 6850. 

The tensile shear strength of this specimen was measured in accordance with JIS K 6850, and as a result, it was 
48 Kgf/cm2. Thus, the resin composition for an adhesive was excellent in adhesive properties. 



80 parts by weight of an epoxy resin (trade name Epicoat #828, made by Yuka Shell Epoxy Co., Ltd.) and 20 parts 
by weight of an EP-modified PP wax obtained by the procedure of Example 24 were sufficiently mixed by a mixer, and 
30 parts by weight of 4.4'<Jiaminodiphenylmethane was further added thereto, followed by mixing, to prepare a resin 
composition for an adhesive. 

A test plate of a polypropylene resin (trade name MITSUI NOBLEN JS-G, made by Mitsui Toatsu Chemicals. Inc.) 
having a thickness of 1/8 inch was caused to adhere to a metallic test plate made of iron via this resin composition at 
120°C for 6 hours, thereby preparing a specimen based on JIS K 6850. 

The tensile shear strength of this specimen was measured in accordance with JIS K 6850, and as a result, it was 
96 Kgf/cm2. Thus, the resin composition for an adhesive was excellent in adhesive properties. * 

As described in Examples 78 and 79. it could be understood that by using the modified resin and the EP-modified 
resin of the present invention in the resin compositions for adhesives of the present invention, the adhesive properties 
between different kinds of materials could be remarkably improved. 



1 . A method for preparing a modified resin which comprises the step of reacting, in a temperature range of from 200 
to 450°C. a resin with at least one compound having at least one norbornenyl group represented by the formula (1 ) 



wherein R 1t R 2 . R3. R4. R5. R6. R7. Rs and R 9 may be the same or different and represent a hydrogen atom, an 
alkyl group having 1 to 4 carbon atoms or a phenyl group; and Y is a group selected from the group consisting of a 
triazinyl group which may have a substituent. an amido group, a carboxylate group, an oxazolinyl group, an oxycar- 
bonyl group, an urethane group, a cyanuric acid ester group, an ether group, a carbamoyl group and a carbonyl group. 

2. The method for preparing a modified resin according to daim 1 wherein each of R tl R 2 . R3. R 4 , R5, R6. R7. Rs and 
R 9 in formula (1) is a hydrogen atom. 



Example 79 



Claims 




( 1 > 
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3. 



The method for preparing a modified resin according to claim 1 wherein the compound having the norbornenvl m ,n 
of the formula (1 ) is a compound represented by the formula (2) noroornenyl group 



15 




( 2 ) 



20 



25 



wherein R,. R 2 . R 3 . r,. r s , ^ R?i R() and Rg have fte sgme ffl „, 
Rjand R,a may be the same or different ar* represent a hydrogen^ or XZT^elZeZ^n 

10. The method for preparing a modified resin according to claim 1 wherein the reaction i< ram** „ ♦ . 

range of from 230 to 450°C. wnerein me reaction is carried out in a temperature 
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P-eTJnT PrePann9 3 reSi " aCCOfdin9 * C ' aim 1 ^ *. reaction is carried ou, by reacts 
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14. The method for preparing a modified resin according to claim 13 wherein the thermoplastic resin is at least or. 
selected from the group consisting of polyolef in resins, polyphenyleneether resins, saturated polyester resins, polya- 
mide resins, polyacrylic resins and polystrene resins. 



1 5. A method for preparing an epoxy -modified resin which comprises the step of reacting the modified resin described 
in any one of claims 3 to 5 with at least one selected from the group consisting of epoxides. 

16. A method for preparing an epoxy-modified resin according to claim 15 wherein the reaction is carried out in a tem- 
perature range of from 150 to 400°C. 

1 7. A method for preparing an epoxy-modified resin according to claim 1 5 wherein the reaction is carried out by reactive 
processing. 

18. A flame-retarding method of a resin which comprises the step of using at least one resin selected from the group 
consisting of the modified resins described in claims 3 to 5 and the epoxy-modified resin described in claim 15. 

19. The flame-retarding method according to claim 18 which further comprises additional incorporation of at least one 
component selected from phosphoruses consisting of simple substances of phosphorus and phosphorus atom- 
containing compounds. 

20. The flame-retarding method according to claim 1 9 wherein the phosphoruses are red phosphorus, phosphoric acid, 
polyphosphoric acids, phosphorous acid, phosphonic acid, phosphate salts, polyphosphate salts, phosphite salts, 
phosphonate salts, phosphate esters, phosphite esters, phosphonate esters, phosphines and sulfur-containing 
phosphorus compounds. 

21 . The flame-retarding method according to claim 20 wherein the polyphosphate salt is an ammonium polyphosphate 
represented by the formula (NH4) m+2 P m 0 3m+1 (wherein m is an integer more than 5). 

22. The flame-retarding method according to claim 18 which further comprises additional incorporation of at least one 
component selected from isocyanuric acids represented by the formula (3) 



I 

R.. 



R,. 



( 3 ) 



wherein R 14 . R15 and R16 may be the same or different and they are individually a hydrogen atom or an alkyl group 
having 1 to 3 carbon atoms, an oxyalkyl group having 1 to 3 carbon atoms, a phenyl group or a glycidyl group, and 
cyanuric acids represented by the formula (4) 



9R 



N X N 



<! ' ( 4 ) 

R.-CT^n^OR., 



wherein R 14t R 15 and R 16 have the same meanings as defined in the formula (3). 

23. The flame-retarding method according to claim 18 which further comprises additional incorporation of an amino 
group-containing compound. 
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24. The flame-retarding method according to claim 23 wherein the amino group-containing compound is at leasfcone 
selected from the group consisting of compounds which contain at least one selected from the groups represented by 



)N-CHrCHr< {h}-< <^V -l{jsj- 



-£-N( and )N-C-f< 
O 6 



dicyandiamide. guanidine. and reaction products between these compounds and aldehydes. 

25. The flame-retarding method according to claim 18 which furhter comprises additional incorporation of at least one 
of the phosphoruses and at least one of the amino group-containing compounds as components. 

26. A thermal stabilization method of a resin which comprises the step of using at least one resin selected from the 
group cons.st.ng of the modified resins described in claims 3 to 5 and the epoxy-modified resin described in claim 1 5. 

27. The thermal stabilization method of a resin according to claim 26 wherein the resin is at least one selected from the 
group consisting of polyolefin resins, polyphenyleneether resins, polyamide resins, polyacrylic resins polystyrene 
resins and olefin thermoplastic elastomers. polystyrene 

28. A compatibilizing method of resins which comprises the step of compatibilizing at least one resin selected from the 
group consisting of the modified resin described in claim 1 and the epoxy-modified resin described in claim 1S with 

one or more other resins. 

29 ' iZIL 3 !* 5 " 12 !!! 9 me,h0d * feSinS WhiCh com P rises ,he st eP of compatibilizing at least two different kinds of resins 
selected from the group consisting of the modified resin described in claim 1 and the epoxy-modified resin described 

in claim id. ' 

30. The compatibilizing method of resins according to claim 28 wherein each resin is at least one selected from the 
group consisting of polyolefin resins, polyphenyleneether resins, saturated polyester resins, polyamide resins poly- 
carbonate resins, polystyrene resins, polyether sulfones and thermoplastic elastomers. ' 

31 " ™!r3?' iZin ? 7"!°? ° f r6SinS aCC ° rding ,0 Claim 29 wherein «»* resin is at leasl °™> selected from the 
group consisting of polyolef.n resins, polyphenyleneether resins, saturated polyester resins, polyamide resins poly- 
carbonate resins, polystyrene resins, polyether sulfones and thermoplastic elastomers. 

32. A surface modification method of a resin which comprises the step of using at least one resin selected from the 
group consisting of the modified resins described in claim 3 to 5 and the epoxy-modified resin described in claim 15. 

33 ' ^perte a s C onht^Sn i0n °' 3 * C ' 3im ** WWCh ° 0mpriSeS th6 S,6p °' m0di,yin9 ,he 

properties ot tne resin. 
35 'p^per^ 

36. The surface modification method of a resin according to claim 32 wherein the resin is a polyolefin resin. 

37 ' r^fn" 9 re i n J om P° si,ion wnich comprises at least one resin selected from the group consisting of the modified 
resins described in claims 3 to 5 and the epoxy-modified resin described in claim 15. 
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38. An adhesive resin composition which comprises at least one resin selected from the group consisting of the modif ie 
resins described in claim 3 to 5 and the epoxy-modrfied resin described in claim 15. 
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